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Pit lakes commonly form when open-pit mines close and dewatering is discontinued. 
Worldwide, several hundred new pit lakes are expected to form during the next fifty 
years at closed metal mines.
Many pit lakes are contaminated with high levels of acid, dissolved metals and metal­
loids, and sulfate, as a result of oxidation of pyrite and other minerals. These lakes pres­
ent serious threats to the quality of ground and surface water. Several approaches to re­
mediation of pit lake water quality have been suggested. The approach with the best 
chance of succeeding in most cases is stimulation o f sulfate-reducing bacteria (SRB) in 
the lakes, which can reduce sulfate and precipitate metals and metalloids as sulfide min­
erals.
Laboratory-scale studies were performed on water and sediments from two pit lakes. 
Organic waste was added to establish anoxic conditions and provide nutrients for SRB.
The first lake, the Summer Camp Pit at the Getchell Mine in Nevada, is a mildly acidic 
lake with high levels of iron, sulfate, and arsenic. Treatment with waste from a potato- 
processing plant led to neutralization o f the acid, reduction of sulfate to sulfide, and re­
moval of most contaminants from solution in about six months; treatment with com­
posted cattle manure also met with some success.
The second lake, the Berkeley Pit at Butte, Montana, is highly acidic and contains high 
levels of copper, zinc, manganese, iron, and sulfate. Treatment with sewage sludge, with 
or without die addition of dolomite rock, led to some improvement in water quality but 
did not establish SRB activity after eight months. However, the results of the study sug­
gest that with a minor increase in added dolomite would remove most metals toxic to 
SRB, principally copper and zinc. With this modification, added organic waste could 
establish SRB activity and remediate water quality in the Berkeley Pit.
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Chapter 1. Properties of Pit Lakes
This chapter will be submitted for publication as a review paper.
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Introduction
Pit lakes are surface impoundments that form when open-pit mining operations 
are discontinued or abandoned. The pits usually fill with water, most commonly by in­
flow o f ground water and by runoff from adjacent drainage basins. During the first half 
of the Twentieth Century, most pit lakes in North America were the results of coal min­
ing. With the introduction o f high-powered steam shovels in 1911, the surface mining 
industry became a major source of coal in the United States (Gibb and Evans, 1978). 
These mining operations left hundreds of pit lakes in the Appalachians and the Midwest. 
Since the enactment of the Surface Mining Control and Reclamation Act (Public Law 95- 
87), the formation of coal pit lakes in the United States has virtually stopped. (While the 
law does not specifically prohibit creating surface impoundments at coal mines, the cir­
cumstances under which they are permitted are limited.) However, elsewhere in the 
world, coal pit lakes are still allowed and are sometimes considered desirable. For exam­
ple, in recent years pit lakes have been deliberately constructed at coal-mining sites in 
Canada (Sumer et al., 1995) and Germany (Bilkenroth, 1993) to serve as fish and wildlife 
habitat and for recreational use.
Currently, concern in North America has been generated around pit lakes formed 
as a result o f mining for metals, especially precious metals. Sustained high gold prices 
since the late 1970’s and new mining methods have led to a large increase in open-pit 
gold mining. Open-pit mining of silver, uranium, and base metals is also widespread 
(Miller et al., 1996). These mining operations will result in the creation of numerous new 
pit lakes during the next fifty years (Macdonald et al., 1994). There are currently 85
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major open-pit mining operations in the United States extracting precious metals and/or 
base metals other than iron and uranium, 21 in Canada, 84 in Australia, and 30 in Chile 
(Anonymous, 1997b). Other countries with substantial numbers of open-pit metal mines 
include Brazil, Peru, Mexico, Indonesia, the Philippines, and Papua New Guinea, among 
others (Anonymous, 1997b). Current heavy gold exploration in West Africa 
(Anonymous, 1997a; Chadwick, 1997) will likely lead to a large number of future open- 
pit mines in that region. Another area that will probably see a large increase in open-pit 
mining is Kazakhstan, where in November 1995 the government opened up 75 metal-in- 
dustry projects to foreign companies (Dorian, 1997). Except for those in the most arid 
areas, most of these open-pit mines are expected to develop pit lakes when mining opera­
tions end. In Nevada alone, more than thirty such lakes are expected to form within the 
next twenty years. When filled, these new lakes will contain over 1.2 x 109 m3 of water 
(Miller et al., 1996). Given the large number o f pit lakes that will form worldwide during 
the next half century and the large volume o f water they will contain, the quality of the 
water in these lakes will be of profound importance, especially in areas with scarce water 
resources.
Characteristics of Pit Lakes
Pit lakes differ physically from natural lakes in having markedly higher relative 
depths. Percent relative depth is defined in terms of a lake’s maximum depth, zm, and its 
width, d. Assuming an approximately circular lake, the width is a function of surface 
area, Ao:
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The percent relative depth, RD, is then defined as follows:
= — xl00% = 50z
d m (2)
A typical natural lake has a relative depth of less than 2%, although some may exceed 
5%. Pit lakes, on the other hand, commonly have relative depths between 10% and 40% 
(Doyle and Runnells, 1997). This causes pit lakes to stratify in many cases, and the hy- 
polimnion of such a lake has the tendency to lose dissolved oxygen if enough organic 
matter is present (Doyle and Runnells, 1997). The existence o f a suboxic or anoxic layer 
in a pit lake can have significant effects on the lake’s chemical and biological character-
Many pit lakes contain high levels of acid, sulfate, and dissolved metals. A lake’s
tion of the wall rocks (both in the amount of oxidizable minerals and in alkalinity), the 
chemistry of the surrounding vadose zone, and the quality and quantity of runoff from the 
surrounding land (Bird et al., 1994; Davis et al., 1993; Plumlee et al., 1992). Rock that is 
exposed to oxidizing conditions during dewatering can be a major source of acid, even 
though it lies below the water table before mining operations begin and after the lake fills 
(Miller et al., 1996).
Sources of Acid and Dissolved Solids
Oxidation of sulfides is often considered to be the source of acid in mine drainage 
and in particular in pit lakes. However, oxidation of sulfide (S2_) does not by itself pro-
istics.
chemical characteristics depend on the alkalinity of the local ground water, the composi-
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duce acid. Depending on the metals or metalloids associated with the sulfur, oxidation o f 
a sulfide mineral may produce net acid or base or it may be a completely neutral reaction. 
For example, oxidation of chalcocite (Equation 3) consumes acid because of the accom­
panying oxidation o f cuprous copper, while arsenopyrite oxidation produces arsenous 
acid (Equation 4), and pyrrhotite oxidation is a neutral reaction (Equation 5):
Cu2S + 2 5  02 + 2 H ^ -> 2  Cu2+ + S 0 42'  + H20  (3)
2 FeAsS + 5? 0 2 + 3 H20  -► 2 Fe2+ + 2 H3A s03 + 2 S042* (4)
FeS + 2 0 2 -> Fe2+ + S042* (5)
However, oxidation of disulfide, the anion in pyrite and marcasite, does produce acid.
FeS2 + 3 ?0 2 + 3 H20 -► Fe2+ + 2 S 042' + 2H* (6)
Oxidation of iron (II) also produces acid at most pH values by the hydrolysis of Fe3+ ca­
tions.
2 Fe2+ + i  0 2 + 5 H20  -> 2 Fe(OH)3 + 4  FT (7)
Combining the oxidation o f disulfide and iron (0), one mol of pyrite produces four mols 
of acid.
2 FeS2 + 1 \ 0 2 + 7 H20  -► 2 Fe(OH)3 + 4 S042'  + 8 H+ (8)
Considering pyrite’s ubiquity and its high acid-producing potential, it is evident that a
large portion o f the acid in pit lakes is a product o f pyrite oxidation (Nordstrom and Al- 
pers, 1997).
Pyrite oxidation is greatly accelerated by the activity o f bacteria o f the Thiobacil- 
lus and Ferrobacillus genera, which promote oxidation o f both iron and sulfur (Tuttle et 
al., 1968). These bacteria are acidophilic; several species, e.g., T. ferrooxidans, are most
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active at pH between 2 and 3.5 (Kleinmann et al., 1981; Tate, 1995). Thus abiotic pyrite 
oxidation may proceed slowly for some time until it produces enough acid to stimulate 
Thiobacilli. At that point the rate o f oxidation — and acid production —  can accelerate 
by one to three orders of magnitude (Nordstrom and Alpers, 1997).
Another factor that accelerates pyrite oxidation is the exothermic character of the 
reaction. In open piles of waste rock, the heat of oxidation sets up convection cells 
drawing in fresh air from the bottoms o f the piles (Schafer, 1992). This process com­
monly produces steam vents near the tops o f waste rock dumps (Schafer, 1992). The 
same permeability in the waste piles that allows free circulation of air also allows down­
ward percolation of water, leading to acidic drainage.
Other acid-producing reactions include hydration o f arsenic (III) and (V) follow­
ing oxidation of arsenic-bearing minerals (e.g., Equation 4) and hydrolysis of transition 
metal anions at near-neutral pH (Equations 9 and 10).
Cu2+ + H20  ^  CuOH* + H+ (9)
CuOtT + H20  ^  Cu(OH)2 + H* (10)
Sulfide minerals are a major source of dissolved metals and metalloids in acidic 
pit lakes. Other sources include minerals that react with the acid in the water, such as 
carbonates, oxyhydroxides, and silicates (Macdonald et al., 1994). Sulfate, generated by 
oxidation of sulfides and pyrite, is the dominant anion in most acid mine drainage water, 
and thus in acidic pit lakes (Nordstrom and Alpers, 1997).
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Controls on Acidity
In many cases a pit lake is in contact with a source of carbonate (such as lime­
stone or dolomite, a carbonate-cemented sedimentary rock (Davis and Eary, 1997), or 
carbonate veins in an ore body (Silberman et al., 1974)) which can neutralize some or all 
of the acid produced by oxidation of pyrite and other minerals. If enough carbonate is 
present to neutralize all the acid produced by oxidation, the lake water will be neutral or 
alkaline (Macdonald et al., 1994; Miller et al., 1996). It is possible that a lake located in 
host rock containing limited carbonate minerals will remain neutral for some length of 
time, until the carbonate is depleted, then become acidic as further oxidation of pyrite and 
other sulfides occurs. Conversely, an inflow of alkaline ground water may eventually 
neutralize an initially acidic lake (Miller et al., 1996).
In near-neutral pit lakes, bicarbonate is the principal species influencing the wa­
ter’s pH (Campbell and Lind, 1969), which will generally be above 6 (Brugam et al., 
1983) In some cases, hydrolysis of transition metals such as iron (II), copper, and zinc 
can also serve to buffer pH near 7 (e.g., Equations 9 and 10) (Nordstrom and Alpers, 
1997). In acidic pit lakes, the main buffering system is that of hydrated aluminum, which 
maintains the pH below 4.5 (Brugam et al., 1983). At very low pH (<pH 2), hydrated fer­
ric ion and bisulfate also function as important buffers (Nordstrom and Alpers, 1997). Pit 
lakes with pH between 4.5 and 6.0 are relatively rare because of the lack of an effective 
buffer system in that range (Brugam et al., 1983).
Although acid is often considered the primary water-quality problem in pit lakes, 
sulfate and dissolved metals and metalloids also can pose serious problems. The secon­
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dary USEPA drinking water standard for sulfate allows a maximum concentration of 250 
mg/L, which is often exceeded in pit lake water (Miller et al., 1996). Both essential nu­
trient metals such as iron, copper, manganese, zinc, and cobalt, and nonessential elements 
such as lead, cadmium, arsenic, and mercury in pit lake water can exceed concentrations 
safe for domestic, industrial, or agricultural use (Pillard et al., 1996). Thus, even neutral 
pit lakes can suffer from serious water quality problems.
Improvement of Pit Lake Water Quality
Some pit lakes exist that have good water quality. In some cases the reason is a 
lack of available sulfide minerals and/or large amounts of carbonate in the host rock to 
buffer acid production. For example, a number of coal pit lakes in Montana, Wyoming, 
and the Dakotas were investigated by Anderson and Hawkes (Anderson and Hawkes, 
1985), who analyzed their water as well as water in bentonite mining pits and in livestock 
watering ponds. They found no significant differences among the waters from the differ­
ent sources. Both alkaline ground water and the very low level of sulfur in and around 
the coal seams were probably responsible for the generally good water quality in the coal 
pits. Coal from the northern Great Plains averages just 0.6% sulfur, much o f which is in 
the form of refractory organosulfur compounds (Turbak et al., 1979). Many of the coal 
mine pit lakes in Illinois are neutral and have fair water quality, and some meet drinking 
water standards. One such lake has been used as a drinking water source by the town of 
Astoria, IL, since 1976 (Gibb and Evans, 1978). The wall rock and overburden around 
most of these lakes include limestone. The Cortez Pit, a  former gold mine in eastern Ne­
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vada, also has good enough water to support a thriving bass population (Miller et al., 
1996). Again, the presence of limestone wall rock probably contributes to this situation.
In a few cases initially acidic lakes have been neutralized by natural processes. 
Campbell and Lind investigated five coal strip-mine lakes in Missouri (Campbell and 
Lind, 1969). Three o f the lakes were still acidic forty years after the end of mining, while 
the other two had attained neutral pH fifteen years after mining stopped. The acidic lakes 
received drainage from coal waste piles and had little vegetation around them. The neu­
tral lakes received drainage from forested areas and farmlands. In the absence of contin­
ued acid input from mining waste, the latter two lakes had come to resemble natural 
lakes, with neutral water and mildly eutrophic conditions. The authors suggested that, in 
the absence o f continued acid drainage from waste piles, the acidic lakes would also have 
become neutralized.
A probable mechanism to explain the natural remediation of acidic pits is the ac­
tivity of dissimilatory sulfate-reducing bacteria (SRB), which gain energy for growth by 
coupling the oxidation of organic compounds or hydrogen with the reduction of sulfate to 
sulfide (Tate, 1995), thus lowering sulfate concentrations. If enough reduced iron is pre­
sent in solution, it will precipitate as a sulfide. The initially formed iron sulfide is usually 
amorphous FeS, pyrrhotite or mackinawite (approximate compositions FeS), or greigite 
(Fe2S3) (Morse, 1995). These sulfides are metastable and eventually convert to one of the 
disulfides, pyrite or marcasite (FeS2), usually on a time scale of months to years (Bemer, 
1970).
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The best-known and most widespread sulfate-reducing genera are Desulfovibrio, 
Desulfotomaculum, and Desulfomonas. Bacteria of these genera are anaerobic hetero- 
trophs, most of which can only utilize a relative handful of organic compounds: lactate, 
pyruvate, fiimarate, malate, acetate, and ethanol (Ehrlich, 1996). However, other SRB 
have been found which can utilize a variety of organics. One Archaeglobus species uses 
molecular hydrogen (Ehrlich, 1996) to reduce sulfate.
The conditions that have led to the attainment of good water quality in some pit 
lakes may point to a way to remediate the many lakes that still have poor-quality water. 
In 1968, Tuttle et al. suggested remediating bodies o f water affected by acidic mine 
drainage by promoting the activity of SRB (Tuttle et al., 1969b). This was successfully 
demonstrated in field experiments on a small stream in Ohio the same year (Tuttle et al., 
1969a). Neutralization of acidic pit lake water by SRB was demonstrated on a laboratory 
scale by Decker and King (1973). Numerous other laboratory studies have demonstrated 
the application of SRB to acidic mine waters (Bechard et al., 1993; Dvorak et al., 1992; 
Hammack and Edenbom, 1992; Hard et al., 1996; Kar et al., 1992; Ueki et al., 1991; Wa- 
kao et al., 1979).
Besides removing acid and soluble sulfates, SRB remove metals from solution by 
sulfide precipitation. Most transition metals form insoluble sulfides at neutral to mildly 
acidic pH. Even manganese, which is found in most ore deposits as a carbonate or oxide, 
can be precipitated as a sulfide under neutral conditions (Decker and King, 1973). Metals 
precipitated as sulfides have been shown in a number of studies to have extremely low 
bioavailability and toxicity toward aquatic life (Ankley et al., 1991; Carlson et al., 1991;
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Hare et al., 1994). If conditions suitable for SRB can be established in a pit lake — an­
oxic conditions, the presence o f suitable organic nutrients, and the absence of metals that 
poison or inhibit SRB —  then it is possible that good water quality may be attained on a 
time scale o f a few months to a few years.
Approaches to Remediation
Some workers have advocated simple neutralization of acid lake waters by addi­
tion of bases. For example, Rosso (1977) reported successful remediation o f five coal pit 
lakes in Kentucky by application of agricultural limestone to the acid-generating areas 
(i.e., spoil piles) within the watershed of each lake, to the lakes themselves, or both. 
Some grading and planting were also done in the watershed areas. The lakes’ pH values 
before remediation were between 3.3 and 4.3. Within eighteen months all had risen to 
pH 6.7 or higher. None of these lakes contained high concentrations of heavy metals 
other than iron, and only one lake contained high dissolved iron. Sulfate levels before or 
after the remediation work were not reported. After neutralization the lakes were stocked 
with channel catfish and largemouth bass, which apparently adapted well to the lake wa­
ters, their populations growing over the 10 to 16 months o f the study. After treatment the 
lakes also supported large populations of turtles, amphibians, and aquatic invertebrates. 
Fischer and Guderitz (1996) have advocated the application of lime, caustic soda, and 
other alkaline materials to the waters and drainages of lignite coal pit lakes in Germany to 
adjust the pH and precipitate iron, although they did not address the problem of high sul­
fate levels in the water.
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In contrast to simple base addition, biological reduction of acidic water has the 
potential to remove sulfate and most metals and metalloids. The requirements for biore­
mediation include the establishment o f anoxic conditions in the lake water; reduction of 
iron (III) and other oxidizing species; establishment o f a pH regime suitable for SRB; 
precipitation or complexation o f metals toxic to the SRB; and provision of the necessary 
nutrients for SRB.
Anoxic conditions in a pit lake can most easily be established by the addition of 
organic matter, although a substantial amount of it must be added in order to consume the 
dissolved oxygen and other oxidizing species — on the order o f hundreds of grams of 
carbon per ton of lake water. Therefore, for economic feasibility the added organic mat­
ter must be cheap and locally available. Wood sawdust (Tuttle et al., 1969a) (Wakao et 
al., 1979), spent mushroom compost (Dvorak et al., 1992), hay and straw (Bechard et al., 
1993), partially treated cattle manure (Ueki et al., 1991), and sewage sludge (Decker and 
King, 1973) are among the organic waste materials that have been more or less success­
fully used in acid mine water remediation.
After addition of sufficient organic matter, dissolved oxygen in water is depleted, 
and anaerobic bacteria begin using other electron acceptors. These are used in order of 
their electrochemical reduction potentials, from highest to lowest; at commonly encoun­
tered pH values, the order is: manganese (IV), nitrate, nitrite, iron (III), and finally sulfate 
(Fish, 1993). Other redox-active elements which may be present (arsenic, selenium, 
chromium, etc.) are reduced after species that lie above them in the electrochemical series 
and before the ones that lie below them. This rule assumes thermodynamic equilibrium,
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so in cases where kinetics are slow there may be departures from the strict reaction order, 
but large departures from the rule will be rare.
Several o f these reduction reactions consume acid (Equations 11-13):
2 MnC>2 + C0rg + 4 H+ —► CO2 + 2 Mn2+ +- 2 H20  (11)
2 N 02’ + 3 Corg + 2 H20  + 4 H* -*  3 CO2 + 2 NH4+ (12)
4 FeOOH + Corg + 8 fT  -»  C 02 + 4 Fe2+ + 4 H20  (13)
where Corg is organic carbon. Because o f iron’s high concentration in most rocks and 
sediments, iron reduction generally removes the most acid.
When most of the more oxidizing species are consumed, at a redox potential of 
-75 to -200 mV (Connell and Patrick, 1968), SRB are able to begin reducing sulfate, if 
conditions are otherwise suitable for their activity. Most SRB are not active at pH values 
less than 5.5 (Tuttle et al., 1969a) (Dvorak et al., 1992), although some sulfate reduction 
has been reported at pH 4.2 (Connell and Patrick, 1968). Some dissolved metals retard or 
altogether stop the action of many common SRB. Ueki et al. (Ueki et al., 1991) found 
that the activity o f SRB in mine drainage water was almost completely stopped by 1 mM 
concentrations of nickel, copper, cadmium, mercury, or zinc; in the same study, 1 mM 
manganese did not retard SRB activity.
Besides promoting reduction of dissolved oxygen and other oxidizers, the added 
organic waste must also, directly or indirectly, supply the nutrients required by the SRB. 
This is usually accomplished indirectly by other microorganisms that metabolize the 
waste matter and excrete the needed nutrients. As with all organisms, enough nitrogen,
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phosphorus, and trace elements must be present in the water or supplied by the added 
waste.
Since the water in coal pit lakes tends to be dominated by iron and sulfate, and 
low in transition elements other than iron, the main obstacles to establishing SRB activity 
are low pH and lack o f organic matter. In metal-mine pit lakes, however, other metals 
and metalloids may be present in high concentrations, and it may be necessary to remove 
most of those metals from solution by another means before the SRB will begin reducing 
sulfate. One possible approach would be to adjust the pH to near 7 by adding limestone 
or another base. This would precipitate many of the transition metals as hydroxides or 
oxides and simultaneously supply optimum pH conditions for SRB. There would then be 
a strong probability that addition of organic waste would be the only additional stimulus 
needed to start sulfate reduction.
An Ounce of Prevention
Knowing the conditions that lead to acid generation in pit lakes and those that 
promote sulfate reduction, operators planning open-pit mining activities can work to fore­
stall the development of acid sulfate conditions in pit lakes. While it does not come free, 
preventing development of an acidic pit lake is often less expensive than remediation.
Grading of the site and covering up of tailings and other sulfidic wastes to prevent 
air convection and water percolation is a necessary first step, since much of the acid in pit 
lakes originates as runoff from waste piles (Decker and King, 1973; Rosso, 1977). At 
many metal mines located in arid or semiarid areas, there will be little chance of estab­
lishing a vegetative ground cover, but minimizing air and water contact with wastes
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would go a long way toward slowing or stopping the formation of acids. Careful diver­
sion of drainage away from the waste rock, isolation of reactive waste in the interiors of 
waste piles, and covering of waste dumps with impermeable clay caps are common ap­
proaches (Decker and King, 1973; Rosso, 1977; Schafer, 1992).
An approach that met with a surprising measure of success at one site was to fill 
the pit with water as quickly as possible after mining ceased (Sinclair and Fawcett, 1994). 
The reasoning behind this approach recognized that most oxidation of host rock takes 
place while the rock is above the zone of saturation. Once the rock is below the water 
table, the availability of oxygen is much less and the rate of oxidation is very slow. The 
Enterprise Pit was a gold mine near Pine Creek in Australia’s Northern Territory. The 
gold deposit contained high levels o f sulfide, and the host rock was graywacke and silt- 
stone. When the mine was closed in 1992, a major stream was partially diverted into the 
pit, making the Enterprise Pit a flow-through lake along the stream’s course. After the 
first wet season the lake was half full, and late in the second wet season it was about two 
thirds full, at which point the pH of the lake water was 7.2 (Sinclair and Fawcett, 1994). 
The lake is expected to serve as an aquatic habitat and as a water resource for the Pine 
Creek region.
The apparent success in maintaining good water quality at the Enterprise Pit 
probably was due in part to the relatively low permeability of the host rock; the ground 
water moved mainly through fractures near the base of the weathered zone at depths of 
20-30 m (Sinclair and Fawcett, 1994). Furthermore, the site was only mined for eight 
years. Thus the amount of host rock available for oxidation was limited to the pit walls
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and a relatively small number of fractures, over a relatively short time. Under these con­
ditions, quick filling of the pit with water prevented the extensive acid production that 
has occurred at some other mines, such as the Berkeley Pit in Butte, MT (Davis and 
Ashenberg, 1989).
Pyrite-rich mine tailings have been disposed o f since 1979 in Anderson Lake, a 
shallow ( 8  m) eutrophic lake in Manitoba. Slurried tailings from a mill processing cop­
per, lead, and zinc ores are dumped into the lake via a  floating discharge pipeline. Water 
quality is poor because of dissolved metals in process water from the ore mill that is also 
discharged into the lake, and because of waste piles that drain into the lake. However, 
the water’s pH is 7.1 ± 0.3, and there is no evidence of metal or sulfate release from the 
tailings. The tailings in fact are acting as a sink for dissolved metals. While the sulfate 
concentration is high in the fresh tailings, sulfate is apparently being reduced in the bur­
ied tailings at the lake bottom, leading to precipitation o f metal sulfides. The large 
amount of organic matter on the lake bottom — a pre-existing condition in the lake — 
keeps the benthic oxygen demand high and prevents reoxidation of the tailings (Pedersen 
et al., 1993). Mine tailings have also been dumped in suboxic to anoxic portions of sev­
eral coastal fjords in British Columbia without major metal releases into the water 
(Pedersen et al., 1993).
The apparent stability of sulfidic waste in anoxic waters suggests that the best 
place to dispose o f tailings piles around a pit lake may be the lake bottom, if anoxic con­
ditions are first established. Advantage can be taken of the tendency of pit lakes to strat­
ify due to their high relative depths. Organic waste added as a lake begins filling can
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consume dissolved oxygen at depth and establish anoxic conditions. Tailings in the an­
oxic hypolimnion of a stratified lake are unlikely to become oxidized.
In many arid areas, for example the western United States, filling o f a pit lake 
with water must inevitably take several decades (Miller et al., 1996), thus allowing a 
large amount of time for oxidation of host rock. It would still be desirable to prevent the 
formation o f an acid lake rather than to remediate it after the fact. Removal or covering 
o f tailings and waste rock piles has been mentioned above as a necessary preventive 
measure. Addition of limestone or other alkaline material to the lake to maintain circum- 
neutral pH would slow the oxidation of wall rock, which is catalyzed by acidophilic bac­
teria below pH 4. Addition of organic waste would also slow the oxidation o f wall rock 
and tailings, hasten the formation of an anoxic deep layer in the lake, and promote the 
reduction o f oxidation products that seep into the pit from surrounding oxidized rock. By 
combining these measures, it may be possible to avoid the environmental impact of an 
acidic, metal-contaminated pit lake and the considerable monetary expense of its reme­
diation.
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Chapter 2. Remediation Study of the Summer Camp Pit, Humboldt County, Nevada
The material in this chapter is part o f a paper that has been submitted to Water Environ­
ment Research for publication.
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Introduction
This paper reports a laboratory-scale investigation of the feasibility o f remediating 
water in a pit lake at a gold mine in northern Nevada. Two organic amendments are 
readily available to the mine: waste from a local potato-processing plant and composted 
cattle manure from a feed lot. The potato waste contains 50.4% carbon, while the com­
post is 24.0% carbon (dry basis for both).
Materials and Methods 
Site description
The Summer Camp Pit is located at the Getchell mine in Humboldt County, Ne­
vada (41°13' N, 117°16' W). A former open-pit mine, the Summer Camp Pit is now 
filled with water to a depth of about 18 m and receives water pumped from an under­
ground gold mine as well as minor amounts of precipitation and surface drainage. The 
water in this lake is high in sulfates and mildly acidic; the acidity is partly moderated by 
carbonate rock (Silberman et al., 1974) in contact with the lake. The ore body is high in 
orpiment (AS2S3) and realgar (AS4S4) but low in metal sulfides. As a result, the lake wa­
ter is low in metals other than sodium, calcium, and magnesium, but uncommonly high in 
arsenic, typically containing several parts per million. The drainage water pumped from 
the underground mine contains small amounts of nitrate and nitrite, residues from explo­
sives used in the mine. Dissolved oxygen levels decrease sharply from 8 - 1 0  mg/1 near 
the surface to < 1 mg/1 below 8  m.
Sample collection.
Sediment samples and depth integrated water samples were collected from the
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anoxic zone of the lake, between the depths of nine and sixteen meters, on Nov. 5, 1996. 
Three 20 L carboys (Nalgene ®) were purged with N2 gas for 5 min prior to being filled 
with sample. Carboys were fitted with caps containing three ports that allowed for con­
tinuous N2 purging during sample collection. Water and sediment were retrieved through 
sterile silicone tubing (0.25 in I.D.) connected to a peristaltic pump. The tubing was 
taped to the cable of an oxygen/temperature probe (YSI Corp., Yellow Springs, OH), that 
had been marked at 0.5 meter intervals, and connected to a YSI model 58 Dissolved Oxy­
gen Meter. The probe provided sufficient weight to get the tubing to the lake bottom and 
allowed for the simultaneous collection of limnological data. Carboy # 1 contained bot­
tom sediments and water, while carboys nos. 2 and 3 contained the depth-integrated water 
samples. Once the carboys were filled, the pump was shut off and the inlet port capped. 
The sample was purged for an additional 5 min with N2 and the vessel was sealed with 
slight positive nitrogen pressure for transportation back to the laboratory. Samples were 
kept on ice during transportation.
Microcosm setup
In order to minimize variation between microcosms, each microcosm was estab­
lished with water from each of the carboys. Initially 750 ml of sediment slurry from car­
boy #1 was added to each microcosm followed by the addition of 1000 mL of water from 
carboy #2. The appropriate quantity of each amendment was added and each microcosm 
was then brought to a final volume of 3250 mL with water from carboy #3. Each of the 
20 L carboys was continuously mixed while water was being transferred. All transfers 
were done under a constant stream of N2 gas to maintain anoxic conditions. Microcosms
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
24
were amended according to the schedule in Table 2-1.
Microcosms were passed into an anaerobic glove box (Coy Laboratories, Grass 
Lake, MI) containing an atmosphere consisting of 8 8 % nitrogen, 5% carbon dioxide, and 
7% hydrogen. The glove box was equipped with an alarm to indicate any oxygen con­
tamination. All microbiological sampling and processing were done under this atmos­
phere, with the exceptions of the sampling at ISO and 210 days. A methylene blue an­
aerobic indicator strip was placed in the cap o f each microcosm to indicate redox state. 
Between sampling intervals the microcosms were sealed, removed from the anaerobe 
chamber, and stored in an incubator at 15° C.

















1 0 0 0 0.5 0.025 0.025 0
2 365 2 2 .8 0 0.5 0.025 0.025 0
3 1825 114 0 0.5 0.025 0.025 0
4 3650 228 0 0.5 0.025 0.025 0
5 7300 456 0 0.5 0.025 0.025 0
6 3650 228 0 0.5 0.025 0.025 2 0
7 500 0 7.6 0.5 0.025 0.025 0
8 2500 0 38.2 0.5 0.025 0.025 0
9 5,000 0 76.3 0.5 0.025 0.025 0
10 1 0 ,0 0 0 0 152.7 0.5 0.025 0.025 0
11 0 0 0 0 0 0 0
RP = Raw potato waste; SM = Composted steer manure; * Molybdate was added to MC6  
to inhibit sulfate-reducing bacteria.
Analytical methods
All reagents used were ACS Analytical Reagent grade except as noted. Hydro­
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chloric and nitric acids were Trace Metal grade. All water samples from microcosms 
were filtered through 0.20 pm membrane filters. Samples for metal and metalloid deter­
mination were acidified to <pH 2 with nitric acid. After sulfide was found to affect arse­
nic solubility, dissolved arsenic was determined in unacidified samples. Solution pH was 
measured using a glass combination electrode. Metals and metalloids were determined 
by inductively coupled argon-plasma emission spectroscopy (ICAPES) using a Thermo- 
Jarrell-Ash IRIS system in accordance with USEPA Method 200.7. Arsenic (III) was 
determined by hydride generation atomic absorption spectroscopy (HG-AAS) using a 
Varian Model 875 Spectrophotometer equipped with a VGA-76 hydride generator. Ani­
ons were determined by ion chromatography in accordance with USEPA Method 300.0, 
using a Dionex system equipped with an AS4A-SC column and an ASRS-1 cation sup­
pressor. Non-purgeable organic carbon was determined using a Shimadzu TOC-5000A 
analyzer calibrated against a potassium hydrogen phthalate primary standard. Soluble 
sulfides and ammonia nitrogen were determined immediately upon sampling. Sulfides 
were determined by the methylene blue method using a Hach DREL/2000 field kit in ac­
cordance with USEPA Method 376.2. Ammonia nitrogen was determined by the Nessler 
method using a Hach DREL/2000 kit in accordance with USEPA method 350.2. Total 
carbon and nitrogen in the organic amendments were determined using a Fisons Carlo 
Erba EA1110 in CN mode calibrated against a 2,5-bis-(5-/er/.-butyl-benzoxazol-2-yI)- 
thiophene standard.
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Aqua Regia Digestion Method
For ICAPES analysis, the organic amendments were digested as follows: Ap­
proximately 0.5 g of dried, ground material was weighed into a polytetrafluoroethylene 
digestion vessel and its mass recorded to the nearest 0.0001 g. Exactly 0.50 mL of puri­
fied water was added to the vessel, which was swirled to wet the sample evenly. The 
vessel was then allowed to stand loosely covered for 30 min. At the end o f 30 min, 3.75 
mL of concentrated hydrochloric acid and 1.25 mL of concentrated nitric acid were added 
to the vessel. The vessel was swirled to mix the fluids and loosely capped, and the mix­
ture was allowed to predigest at room temperature for 60 min.
After the predigestion period the caps were screwed on tightly, and the relief 
valves were tightened. The pressure vessels were placed on a nonmetallic spring-driven 
carousel in a microwave oven. A 250 mL bottle of cold water was placed in each of the 
four comers of the oven as ballast. The carousel was wound up and allowed to start 
turning, and the pressure vessels were heated at the high-power setting (about 570 W) for 
6  min.
Following microwave digestion the pressure vessels were checked to verify that 
none had vented, and they were allowed to cool in a fume hood for 15-30 min. Relief 
valves were then carefully opened, and the cap was removed from each vessel. The con­
tents of each vessel were transferred to a weighed 50 mL centrifuge tube. Quantitative 
transfer was achieved by rinsing the pressure vessel at least three times with water. The 
centrifuge tube was then brought up to a target solution weight of 50 g with water; actual 
solution weight was recorded to the nearest 0.01 g. Tubes were tightly capped and centri­
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fuged for 15 min at approximately 1800xg in a Du Pont Sorval Model RT-6000B centri­
fuge. Following centrifugation, the samples were filtered through 0.2 pm filters, acidi­
fied with 200 pL of nitric acid, and stored in clean polyethylene bottles for later ICAPES 
analysis.
Results
Tables 2-2 through 2-11 respectively list the pH and the solution concentrations of 
sulfate, sulfide, nitrate (as N), nitrite (as N), ammonia (as N), dissolved organic carbon, 
iron, total arsenic, and arsenic (III) in microcosm 1 (MCI) through MC11 from the be­
ginning of the experiment through the end at 210 days. The concentrations o f  sulfate and 
sulfide in all microcosms at the start of the experiment were approximately equal ( 1 2 0 0  
mg/L and < I pg/L respectively). In MCI, to which no organic nutrient was added, the 
concentrations o f these analytes remained essentially constant over the 2 1 0  days of the 
experiment. In MC6 , which was amended with both a carbon source and molybdate to 
inhibit SRB, there was also no change in sulfate or sulfide concentrations.
Dissolved organic carbon concentrations were approximately proportional to the 
amount of organic matter added. Organic carbon in the compost was more readily solu­
ble than that in the potato waste. Water samples taken later than 12 days after the start of 
the experiment from MC 8 , MC9, and MC10, which contained large amounts of compost, 
showed an intense dark brown color; these samples also produced a precipitate upon 
acidification with hydrochloric acid.
The only metals besides iron that were present at significant concentrations in the 
pit water were calcium, sodium, and magnesium (data not shown). Concentrations of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
these metals remained fairly constant, except for increases in magnesium and sodium in 
samples from microcosms containing large amounts of potato waste or compost
Table 2-2. pH of Microcosms 1-11.
Days 0 5 12 21 31 60 150 210
MCI 6.16 5.99 6.36 6.35 6.54 6.95 6.69 6.87
MC2 6.14 6.16 6.17 6.46 6 . 8 8 7.05 6.98 6.99
MC3 6.15 6.06 6.32 6.67 6.53 7.00 7.08 7.19
MC4 6.13 5.87 5.75 5.98 6 . 1 0 5.71 5.82 6.03
MC5 6.04 6.15 5.57 5.72 6.29 5.26 5.21 5.16
MC6 6.25 6.18 6.09 6 . 2 2 6.30 6.35 6.44 6.76
MC7 6 . 2 2 6.08 6.45 6.74 6.55 7.11 6.95 7.09
MC8 6.16 6.38 7.06 6.94 7.01 7.07 7.09 7.27
MC9 6.36 6.56 6.92 7.17 7.11 7.16 7.35 7.23
MC10 6.31 6.80 6.75 6.76 7.09 6.87 7.29 7.47
MC11 — 6.33 6.31 6.37 6.33 6.38 5.60 4.95
Table 2-3. Sulfate (mg/L) in Microcosms 1-11.
Days 0 5 12 21 31 60 150 210
MCI 1141 1124 1154 1323 1 1 2 0 1135 1231 1172
MC2 1136 1074 1 11 1 1313 1092 992 995 1065
MC3 1 1 0 2 1080 1106 1138 895 2 2 2 47 11
MC4 1080 1072 1090 1138 1087 997 504 2
MC5 1031 1036 1040 1094 1089 974 753 515
MC6 1063 1 2 1 2 1 1 0 0 1 1 0 2 1078 1066 1095 1097
MC7 1 1 2 0 1127 1131 1155 1165 1106 1144 1190
MC8 1152 1197 1198 1215 1093 815 823 857
MC9 1191 1307 1285 1227 814 493 406 567
MC10 1306 1512 1472 1474 1013 597 223 150
MC11 — 1179 1189 1215 1204 1147 1207 1302
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Table 2-4. Sulfide (mg/L) in Microcosms 1-11.
Days 0 5 12 21 31 60 150 210
MCI 0.003 0.000 0.000 0.000 0.000 0.000 0 .0 0 1 0 .0 0 1
MC2 0.003 0.000 0.000 0.000 0 .0 1 0 0.190 0.006 0 .0 0 1
MC3 0.003 0.000 0.000 0.075 1.385 39.000 60.800 40.200
MC4 0.003 0 .0 0 1 0 . 0 0 2 0.004 0 .0 0 1 0.685 3.250 15.700
MC5 0.003 0 .0 0 1 0.007 0 . 0 1 2 0.013 0.115 4.050 16.150
MC6 — 0.003 0.005 0.006 0.000 0.003 0.016 0.003
MC7 0.004 0 .0 0 1 0.000 0.000 0 .0 0 2 0.000 0 . 0 1 2 0 . 0 0 2
MC8 0.008 0.025 0.025 0.111 0.410 4.300 0.750 0.013
MC9 0.037 0.015 0.006 0.344 18.760 44.500 62.000 10.250
MC10 0.080 0.014 0.550 0.280 17.400 33.800 63.800 57.800
M C ll — 0 .0 0 1 0.000 1.000 0.013 0 .0 0 2 0 . 0 1 0 0 . 0 0 2
Table 2-5. Nitrate Nitrogen (mg N/L) in Microcosms l-l 1.
Days 0 5 12 21 31 60 150 210
MCI 89.7 78.3 66.9 65.9 41.1 31.0 60.0 59.6
MC2 91.7 71.9 53.0 15.1 0 .0 0 .0 0 .0 0 . 0
MC3 91.5 52.4 0 . 0 0 .0 0 .0 0 .0 0 .0 0 .0
MC4 91.9 45.1 44.4 43.4 0 .6 0 .0 0 .0 0 .0
MC5 85.5 38.6 38.9 0.7 0 .0 0 .0 0 .0 0 .0
MC6 90.1 57.8 63.8 59.4 27.2 21.3 0 .0 0 . 0
MC7 91.5 74.9 51.9 28.9 9.9 0 .0 0 .0 0 .0
MC8 94.0 56.1 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0
MC9 97.0 43.3 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0
MC10 50.1 13.8 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0
M C ll — 0 .0 0 .0 0 .0 0 .0 0 .0 5.2 0 .0
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Table 2-6. Nitrite Nitrogen (mg N/L) in Microcosms 1-11.
Days 0 5 12 21 31 60 150 210
MCI 0 .0 1 .2 4.3 8 .2 15.7 23.4 0 . 0 0 .0
MC2 0 .0 9.9 14.3 15.5 0 . 0 0 .0 0 .0 0 .0
MC3 0 .0 26.6 34.0 0 .0 0 . 0 0 .0 0 .0 0 .0
MC4 0 .0 28.0 14.8 5.8 37.9 0 .0 0 .0 0 .0
MC5 0 .0 28.2 1 2 .6 31.5 4.8 0 .0 0 .0 0 .0
MC6 0 .0 1 0 .1 3.6 0 .0 17.5 11.3 0 .0 0 .0
MC7 0 .0 4.6 11.4 19.9 26.9 13.9 0 .0 0 .0
MC8 0 .0 22.5 14.8 0 .0 0 . 0 0 .0 0 .0 0 .0
MC9 0 .0 21.5 0 .0 0 .0 0 . 0 0 .0 0 .0 0 .0
MC10 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0
M Cll — 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0
Table 2-7. Ammonia Nitrogen (mg N/L) in Microcosms 1-11.
Days 0 5 12 21 31 60 150 210
MCI 7.2 0 .2 0.4 0.7 0 . 6 0.9 0.3 0 .2
MC2 5.7 2 .2 1.7 1.7 2.5 2.5 6 . 6 0.3
MC3 9.1 7.6 9.3 2.4 2 . 2 12.4 33.8 48.0
MC4 9.7 1 1 .8 1 1 .2 12.5 13.6 5.4 3.5 6 .8
MC5 15.7 23.3 26.8 30.2 48.6 71.0 100.5 109.5
MC6 1 0 .8 8.5 11.5 13.5 14.9 18.1 14.8 5.8
MC7 5.7 2 .1 1 .6 2.4 3.1 4.7 1 .0 1 .2
MC8 10 .1 1 0 .6 8 .0 7.9 7.3 9.2 11.5 7.8
MC9 16.2 22.3 19.8 14.6 18.0 31.0 38.0 18.0
MC10 23.0 6 6 .0 63.6 36.9 53.5 59.5 63.0 58.5
M Cll — 3.6 3.6 4.2 3.5 3.2 0 .2 0 .1
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Table 2-8. Dissolved Organic Carbon (mg/L) in Microcosms 1-11.
Days 0 5 12 21 31 60 150 210
MCI 9 23 13 2 2 2 2 4 3 2
MC2 1 2 26 14 25 30 15 4 3
MC3 50 64 93 1 2 1 217 191 152 74
MC4 92 141 2 1 2 219 213 389 644 826
MC5 239 340 453 491 474 925 1490 1550
MC6 104 99 187 194 188 2 0 1 303 196
MC7 40 54 59 81 63 32 19 17
MC8 127 192 208 189 2 0 1 139 126 1 0 0
MC9 235 464 522 624 418 404 257 248
MC10 399 1438 1263 1388 1502 1 1 2 2 748 636
M Cll — 25 34 43 49 3 3 1
Table 2-9. Iron (mg/L) in Microcosms 1-11.
Days 0 5 12 21 31 60 150 210
MCI 1 0 1 .6 4.5 0 .0 0 . 0 0 .0 0 .0 0 .1 0 .1
MC2 81.9 25.3 6 .6 0 . 0 4.9 2 .2 0 .1 0 .1
MC3 79.0 36.2 3.0 6.3 13.8 0 .2 0 .1 0 .1
MC4 84.2 36.8 0 .2 0 . 2 0 .0 76.2 18.0 1 .2
MC5 81.4 5.6 0.3 2 . 2 1 .2 111.4 157.8 107.1
MC6 80.4 0.3 0 .1 0.4 0 .0 0.3 50.9 34.7
MC7 70.2 8 .1 0 .0 0 . 0 0 .0 0 .0 0 .0 0 .1
MC8 62.3 2 2 .2 4.3 12.7 7.9 0 .2 1 .1 0.7
MC9 51.6 13.6 15.4 9.1 0.5 0.3 0 .8 0.5
MC10 27.3 16.4 26.7 26.9 3.3 0 .8 2.7 1.5
M Cll — 132.0 132.6 136.8 144.1 156.0 0 .1 0 .1
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Table 2-10. Total Arsenic (mg/L) in Microcosms 1-11.
Days 0 5 12 21 60 150 210
MCI 1 .2 2.9 3.1 3.4 4.2 4.9 5.1
MC2 1 .2 2.9 2.7 2.3 0.9 1.4 2 .1
MC3 1.5 3.9 4.0 2.4 3.5 5.7 5.1
MC4 1.5 4.7 4.8 5.0 0.3 0 .0 0.3
MC5 1 .0 3.6 4.0 4.4 3.4 0 .0 0 . 2
MC6 2.4 4.8 5.0 5.7 6.7 9.7 5.9
MC7 1.4 2 .2 2 .1 2.3 2 .8 2.9 6.4
MC8 1 .1 3.0 3.0 4.3 2.3 2.3 2 . 0
MC9 1.3 3.1 5.3 0 .1 5.5 5.4 4.5
MC10 8.5 4.1 7.9 0 . 2 4.8 5.8 5.2
M C ll — 1.5 2 .2 3.1 5.0 0 .0 0 .1
Table 2-11. Arsenic (III) (mg/L) in Microcosms 1-11.
Days 0 5 12 21 31 60 150 210
MCI 0.820 0.051 0.047 0.038 0.038 0.044 0.033 0.042
MC2 0.700 0.053 0.040 0.415 2.683 0.771 0.014 0.016
MC3 0.640 1 .0 0 0 2.750 1.937 0.3237 3.380 2.680 3.070
MC4 0.130 2.050 3.700 3.875 4.105 0.060 0 . 0 0 0 0.056
MC5 0.370 3.260 2.800 2.838 3.295 0.119 0.019 0.007
MC6 0.430 3.600 3.170 3.457 3.507 3.280 3.650 2.760
MC7 0.440 0.055 0.050 0.036 0.046 0.037 0.015 0.050
MC8 0.600 0.920 0 .2 1 2 3.695 1.071 2.740 1 .2 2 0 0.038
MC9 0.480 1.640 4.050 0.949 3.436 5.200 3.310 1.430
MC10 0.650 2.700 6.640 1.809 3.304 4.850 2.480 2.890
M C ll — 1 .1 1 0 0.790 2.068 0.186 1.350 0 .0 0 1 0 .0 0 1
Discussion
The lake water was initially low in dissolved oxygen (< 1 mg/L), and care was 
taken to avoid oxygen uptake during transfer to the microcosms. Based on the appear­
ance of the methylene blue indicator strips, all microcosms except 4, 5, and 6  remained
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anoxic during sampling. The addition of large amounts of potato wastes apparently had 
the effect of slightly oxidizing MC4 through MC6  and retarding the onset o f sulfate re­
duction. The addition of nitrate as a bacterial nutrient also had the effect o f elevating the 
redox potentials of the microcosms and preventing sulfate reduction for several weeks 
until the nitrate and nitrite were reduced. Many heterotrophic bacteria can utilize nitrate 
and/or nitrite as a terminal electron acceptor when oxygen becomes limited. In environ­
ments where both nitrate and sulfate are available, nitrate reduction is the predominant 
terminal electron accepting process (Lovley, 1991). In pit lake remediation, where pro­
motion of bacterial sulfate reduction is the objective, a better choice of nitrogen source 
would be an ammonium salt, which would provide reduced nitrogen rather than nitrate.
In microcosms to which organic amendments had been added, the nitrate concen­
trations dropped from initial values near 90 mg N/L to near zero within 31 days. At the 
same time, nitrite concentrations increased from zero to maxima near 30 mg N/L and then 
decreased to near zero within 60 days. This pattern is consistent with either denitrifica­
tion or dissimilatory nitrate reduction by bacteria (Tate, 1995).
There were at least three sources and one sink of ammonia N in the systems. 
Likely sources included dissolution of soluble ammonia from the organic amendments 
(especially the composted manure), ammonification of organic nitrogen, and dissimila­
tory nitrate reduction; the most likely sink was nitrogen immobilization by bacteria (Tate, 
1995). These multiple ammonia pathways probably explain the lack of any readily ap­
parent pattern to ammonia N concentrations in the microcosms.
Sulfate reduction started by the end of the second month in six microcosms (3, 4,
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5, 8 , 9, and 10), as shown by decreases in sulfate concentration and the appearance of 
significant sulfide in solution. At the end of 210 days, the sulfate concentrations in mi­
crocosms 3,4, and 10 were below the USEPA drinking water limit o f250 mg/L.
The water, as obtained from the lake, was at pH 6.1. The pH values increased in 
most cases to about 7, but in MC4 and MC5 the pH decreased to values below 6 . MC4 
eventually recovered to about pH 6 , but the pH in MC5 remained low (5.2 at 210 days). 
The decrease in pH may have been caused by the release of organic acids from the potato 
waste in these microcosms. In MCI 1, the control, after 150 days the pH fell sharply and 
was at pH 4.95 after 210 days. This seems to have been caused by oxygen diffusing into 
the microcosm during storage, with resultant iron oxidation and acid generation.
The iron concentration behaved as expected in an anoxic system subjected to an 
initial addition of nitrate followed by a gradual drop in redox potential. The initially high 
dissolved iron concentration was due to Fe(II) in solution. Within three weeks the dis­
solved iron concentration dropped to near zero as Fe(II) was oxidized to Fe(III), which 
would precipitate as oxyhydroxides at the prevailing pH. It then increased again at 30 to 
60 days, as nitrates and nitrites were depleted and the Fe(UI) was again reduced to Fe(II). 
Finally, as sulfides appeared in solution, Fe(II) precipitated as sulfides and the dissolved 
iron concentration dropped again. MC5 and M Cll were notable exceptions to this gen­
eral rule.
In MC5 at 210 days, the iron concentration was still over 100 mg/L, although it 
appeared to be dropping at this point. The delay in precipitation of iron sulfides in MC5 
was likely caused by slower sulfate reduction in this microcosm compared to several oth-
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ers (see Table 3). The iron and sulfide concentrations reflect a slow approach to equilib­
rium that may be related to the low pH and the high level of organic matter in the micro­
cosm.
Between 60 and 150 days, the dissolved iron concentration in M Cll dropped 
from 156 mg/L to well under 1 mg/L. During the same period, an orange-brown precipi­
tate appeared on the sides of the bottle containing the microcosm. A nitrogen-carbon di- 
oxide-hydrogen atmosphere was maintained in the microcosm, and nothing had been 
added to the water and sediment. The position of the precipitate suggests that oxygen had 
diffused through the walls of the polyethylene bottle. Polyethylene is known to be per­
meable to gases, and the time interval between 60 and 150 days was the longest time that 
the microcosms were stored without being purged with fresh reducing gases. It is likely 
that oxygen diffused into M Cll, oxidizing the iron. This is consistent with both the po­
sition of the precipitate on the walls of the container and the sharp decrease in pH to 5.6 
at 150 days, since oxidation of Fe(II) with precipitation o f  oxyhydroxides generates acid:
2 Fe2+ + ^ 0 2 + 5 H20 ->  2 Fe(OH) 3 + 4  tT  (1)
The sudden drops in total arsenic and As(III) in M Cll from 5.0 mg/L and 1.35 
mg/L respectively at 60 days to near zero at 150 days are also consistent with inward dif­
fusion of oxygen, since As(III) would be oxidized to arsenates, and arsenates tend to co­
precipitate with iron oxyhydroxides (Dyck and Lieser, 1981; Moore, 1994).
The determinations of total arsenic in water samples from microcosms were per­
formed by ICAPES, using solutions acidified to <pH 2 with nitric acid in accordance 
with USEPA Method 200.7, while As(III) was determined on unacidified samples using
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HG-AAS. At 31 days, for some of the microcosms that had become sulfidic, the meas­
ured As(III) concentrations were larger than the total arsenic measurements. The reason 
for this anomaly appears to be the enhancement o f As(III) solubility by sulfide through 
the formation of thioarsenite complexes (Webster, 1990). In water containing 60 mg/L 
sulfide at pH 6 , the solubility o f arsenic is on the order o f 5 mg/L. Adding nitric acid to 
the samples destroys thioarsenite complexes by oxidizing dissolved sulfide, thus forcing 
arsenic out o f solution. Once this potential interference was noted, further ICAPES de­
terminations o f As in sulfidic solutions were performed using unacidified samples. 
(ICAPES determinations of iron and other metals were still performed on acidified sam­
ples.)
Total dissolved arsenic concentrations were initially about 1 to 3 mg/L. They in­
creased somewhat during the first five days and increased more slowly through the first 
21 days. This was unexpected, since the iron was precipitating from solution at the time 
in MCI through MC10, and, as was mentioned above, precipitation of iron oxyhydrox­
ides normally causes a decrease in dissolved arsenic concentrations. It is possible that the 
addition of 25 mM phosphate as a bacterial nutrient caused the displacement of adsorbed 
arsenic from mineral or organic surfaces, since phosphate and arsenate ions would tend to 
compete for the same sites.
After anoxic conditions were established and sulfide appeared in solution, arsenic 
concentrations fell and then rose again as sulfide levels increased. This is consistent with 
the precipitation of arsenic sulfides such as AS2S3, followed by redissolution of these sul­
fides to form thioarsenite complexes (Webster, 1990).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
37
Between 60 and 150 days, the arsenic levels in MC4 and MC5 dropped to near 
zero, although conditions in these microcosms (increasing sulfide concentration, moder­
ate pH) were still conducive to the formation of thioarsenite complexes. This drop in dis­
solved arsenic might be due to conversion o f the amorphous ferrous sulfides in the sedi­
ments (approximate composition FeS) to pyrite (FeS2). Pyrite normally forms on a time 
scale of weeks to years (Bemer, 1970) but can form more quickly under favorable condi­
tions (Howarth, 1979). Such favorable conditions require the introduction of small 
amounts o f oxygen to generate elemental sulfur by partial oxidation of sulfide (Lord and 
Church, 1983):
S2* + lA 0 2 + H20  -> S + 2 OH’ (2)
followed by the reaction
FeS + S -► FeS2 (3)
Oxygen can be introduced into sulfidic sediments by many mechanisms, includ­
ing (among others) lake overturn, storm events, and bioturbation. Slow diffusion of oxy­
gen through the walls of polyethylene containers, as discussed above, might have brought 
about pyritization of sulfides in the microcosms over a period of a few months. Authi- 
genic pyrite is known to be a strong arsenic scavenger that is able to accommodate sig­
nificant amounts of arsenic in its crystal lattice. Thus, formation of pyrite is commonly 
accompanied by a decrease in dissolved arsenic (Belzile and Lebel, 1986; Morse, 1995).
The subsequent small increases in arsenic concentrations in MC4 and MC5 after 
210 days are not as easily explained. The sulfide levels in these microcosms were in­
creasing steeply during this interval and in fact roughly quadrupled between 150 and 2 1 0
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days. Any arsenic released into solution would be kept in solution as thioarsenites. It is 
possible that arsenic could have been released by slow-reacting solid phases in the sedi­
ment, such as refractory oxides. Pyrite’s high thermodynamic stability (Berner, 1970) 
makes it unlikely that arsenic would be released from that mineral by reduction with sul­
fide.
Conclusions
This experiment has demonstrated the possibility, in principle, of remediating 
water quality in a mildly acidic pit lake containing high levels of sulfate, iron, and arsenic 
by the addition of inexpensive organic matter. In some o f the microcosms, bacterial re­
duction of sulfate produced sulfide, and after a period o f months the bulk o f the sulfate, 
iron, and arsenic in the microcosms were removed from solution as precipitated sulfides. 
However, it is also evident that there are multiple poorly-understood variables that afreet 
the rates of sulfate reduction, sulfide precipitation, and the eventual formation of stable 
mineral phases. The amount and type of organic additive had unexpected effects on the 
above processes as well as solution pH. Removal of sulfate, iron, and arsenic and neu­
tralization of acids did not improve uniformly with increased organic matter; rather there 
appears to be an optimum amount of organic matter that affords the fastest remediation. 
Moderate amounts o f potato waste appeared to deliver the best combination o f sulfate, 
iron, and arsenic removal.
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Introduction
The lake that now occupies the Berkeley Pit at Butte, MT, is a well-known exam­
ple of a highly acidic pit lake with high levels of metals and sulfate. It has a pH value 
near 2.3 and is high in copper, iron, manganese, and zinc (Table 3-1). Until now, no 
practical method has been found to remediate this water. Its high content of acids and 
metals, its large size, high rates of flow into the lake, and the high potential for future re­
lease o f its waters into the Clark Fork River system via Silver Bow Creek all lend ur­
gency to finding such a method.
One possible approach to reducing pollutant levels would be to establish anoxic 
conditions and stimulate the naturally occurring sulfate-reducing bacteria (SRB). In 
Chapter 2 the laboratory-scale study of SRB stimulation in water from the Getchell Mine 
in Nevada was reported, in which addition of organic waste material led to the removal of 
iron, arsenic, and sulfate from solution. It appeared that a similar approach to remediat­
ing the Berkeley Pit might be feasible. The sulfate level in the Berkeley Pit is about five 
times that in the pit at Getchell, but that in itself would not be expected to pose a problem 
— if anything, a higher sulfate level would be beneficial to the bacteria. However, the 
low pH (2.3 at Butte vs. 5.5 to 6.0 at Getchell) and the high metal concentrations might 
inhibit the action of SRB.
Two low-cost organic additives that would be readily available in Butte were 
used. One was sewage sludge from the Missoula Sewage Treatment Plant, which is con­
sidered reasonably similar to that produced by the Butte-Silver Bow treatment plant The 
other was wood compost from the Clark Fork Compost Company, Turah, MT (Table 3- 
2). Each additive was used at a  ratio of two grams organic carbon per kilogram pit water,
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a level at which organics were successful in stimulating sulfate reduction in the Getchell 
pit water.










Cd (mg/L) 2 .1
Si (mg/L) 49
Co (mg/L) 1.3
Ni (mg/L) 1 .0
Na (mg/L) 77
As (pg/L) 50
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Table 3-2. Chemical Analyses o f Organic Additives (Dry Basis).
BQL = Below Quantitation Limit.
Component Sludge Compost
% Total Nitrogen 5.83 0.45
% Total Carbon 36.06 25.62
% Inorganic Carbon 0.158 0.024
% Al 0.863 0.288
% Ba 0.107 0.016
% Ca 3.20 0.805
ppmCd BQL 0.49
ppm Co BQL 2.05
ppm Cr 26.12 6.67
ppmCu 637 16.6
% Fe 0.82 0.56
ppmHg BQL BQL
ppm Mg BQL BQL
ppm Mn 166 315
ppm Mo BQL BQL
ppmNa 891 214
ppmNi 16.0 4.78
% P 3.49 0.044
ppmPb 95.85 21.07
ppmSe BQL BQL
ppm Si 204 175
ppm Sr 131 17
ppmZn 749 68
Experimental
All reagents were ACS Analytical Reagent Grade except as noted. Hydrochloric 
and nitric acids were Trace Metal grade. Deionized water was further purified using a 
Milli-q ® system. Ground dolomite rock, which was used in Microcosms 8-11, was 
Greenacres ® Dolomite Lime produced by Greenacres Gypsum and Lime, Inc., Greena­
cres, WA 99016. It carried a guaranteed analysis o f 50% CaC0 3 , 40% MgC0 3 , 22% Ca, 
13% Mg, and Neutralizing Value of 102% as CaCOs.
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Analytical Methods
All aqueous-phase samples were filtered through 0.20 pm filters. Solid samples 
o f organic amendments were digested with aqua regia for ICAPES analysis. The diges­
tion method is described in detail in Chapter 2. Dolomite was digested for determination 
o f acid-soluble metals as follows: 10.00 g dolomite was digested overnight in 200 mL o f 
1.0 N Trace Metal Grade hydrochloric acid. A 25 mL aliquot o f the digest was then fil­
tered through a 0.2 pm membrane filter, treated with 200 pL concentrated nitric acid, and 
refrigerated at 4° C until analyzed.
Metals, metalloids, phosphorus, and sulfur were determined by inductively cou­
pled argon plasma emission spectroscopy (ICAPES) using a Thermo-Jarrell-Ash IRIS 
system in accordance with USEPA Method 200.7. Non-purgeable organic carbon was 
determined using a Shimadzu TOC-5000A analyzer calibrated against a potassium hy­
drogen phthalate primary standard. Soluble sulfides were determined by the methylene 
blue method using a Hach DREL/2000 field kit in accordance with USEPA method 
376.2. Total carbon and nitrogen in sludge and compost samples were determined using 
a Fisons EA110 CHNS-O system calibrated against a 2,5-bis-(5-/er/.-butyl-benzoxazol-2-
yl)-thiophene standard. Inorganic carbon in sludge and compost samples was determined 
using a Coulometrics CO2 Coulometer system calibrated against a calcium carbonate 
standard.
Microcosm Design
Water from the Berkeley Pit was obtained from Terence Dwaime of the Montana 
Bureau o f Mines and Geology in 1993 and had been stored since then in polyethylene
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carboys. The pit lake water mixed with organic additives was stored in 2 L polyethylene 
bottles equipped with vented polypropylene screw closures (Nalge 2162-0531). The clo­
sures are equipped with silicone rubber gaskets to ensure a gas-tight seal with the bottle 
and have three openings that can be closed with silicone rubber stoppers; two have 
barbed hose fittings above and below, and the third is a simple vent tube. This arrange­
ment makes it possible to siphon liquid from the bottle under nitrogen pressure without 
contaminating the sample, the remaining liquid and solids in the bottle, or the bottle’s 
headspace with outside air. (See Figure 3-1.) The microcosms were stored in the dark at 
15° C.
Liquid samples were transferred by nitrogen displacement into bottles purged be­
forehand with nitrogen. Whenever samples were taken, one 30 mL aliquot from each 
sample was acidified to <pH 2 with concentrated nitric acid and another was similarly 
acidified with concentrated hydrochloric acid. All aliquots were stored at 4° C until 
analyzed. Separate aliquots were used for immediate measurement of pH and sulfide.
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Figure 3-1. Container Used For Microcosms.
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1 Sludge No •
2 Sludge No •




7 None No •
8 Sludge Yes •
9 Sludge Yes •
10 Sludge Yes
11 None Yes
Figure 3.2. Sampling Schedule For Microcosms.
Six microcosms were initially started with no additives other than the organic amend­
ments. Microcosms 1 through 3 (MCI through MC3) were amended with municipal 
sewage sludge; MC4 through MC6 were amended with wood compost; and MC7 was a 
control microcosm in which untreated Berkeley Pit water was held under a nitrogen at­
mosphere. After 84 days the wood-compost microcosms were terminated. Another three 
microcosms (MC8 through MC10) were started in which the water was treated with 30 
g/L o f dolomite. After 4 h, each of the three microcosms received 1.5 L o f dolomite- 
treated water and sufficient sewage sludge to supply 3 g organic carbon. The micro­
cosms were then purged with nitrogen, sealed, and incubated at 15° C. A control micro­
cosm (MCI 1), containing Berkeley Pit water treated with 30 g/L dolomite but no organic
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additives, was also incubated under nitrogen at 15° C. The headspace o f each microcosm 
was purged once a week with nitrogen. Samples were taken from microcosms according 
to the schedule listed in Figure 3-2.
Results
The changes in the principal chemical species and properties o f the water in MCI 
through MC3 and MC7 over the first 168 days o f the study, and in MC4 through MC6 for 
the first 84 days are shown in Figures 3-3 through 3-12. In most cases, sludge addition 
had larger effects on these parameters than did compost addition. In the microcosms 
treated with sludge, pH and dissolved organic carbon increased. Among metals in the 
sludge-treated microcosms, the concentration o f iron increased substantially, presumably 
from Fe(III) reduction; copper and aluminum decreased, while calcium and magnesium 
increased. Other metals were essentially unchanged.
In the microcosms treated with compost, pH increased by a small but significant 
amount, and organic carbon increased slightly. Among metals in compost-treated micro­
cosms, iron increased, then decreased, and copper decreased slightly. Calcium remained 
at a constant concentration in the compost treatments, whereas it decreased in the control. 
Magnesium and aluminum did not change relative to the control.
There were no significant changes in the concentrations o f sulfate, silicon, or so­
dium with either additive, and no detectable sulfide was produced in any microcosm.
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Because o f the poor performance o f both amendments when used alone in the pit 
water, a combination o f organic matter and alkali was used next Dolomite was used to 
adjust the pH for two reasons:
•  It is relatively inexpensive and widely available.
•  Dolomite is less subject to “armoring,” i.e., formation of an insoluble sulfate 
coating that prevents complete dissolution. When added to pit water, lime­
stone releases calcium ions that can precipitate with sulfate to form impervi­
ous gypsum coatings. Dolomite, on the other hand, releases both calcium and 
magnesium ions and, whereas calcium sulfate is sparingly soluble, magnesium 
sulfate is very soluble.
Three new microcosms (MC8, MC9, and MC10) were made up with dolomite and 
sludge, and a control microcosm containing dolomite (MCI 1) was also prepared, as de­
scribed above in the Experimental section. These four microcosms were incubated at 15° 
C. Because o f its low content o f soluble organic carbon and its very poor performance in 
the first set o f experiments, compost was not tested again.
The dolomite used in these experiments was digested with 1.0 N hydrochloric 
acid. It was found to be 84.2 % acid soluble, with quartz sand making up the bulk of the 
acid-insoluble matter. The results o f the ICAPES analysis are listed in Table 3-3. Based 
on the assumption that all acid-soluble calcium, magnesium, and iron were in the form of 
carbonates, the material was 82.0% dolomite, which was 48.5 mol % CaCC>3, 51.4 mol % 
MgCC>3, and 0.1% FeCCb.
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Table 3-3. Results o f Acid Digest o f Dolomite.
Element g/L in Digest g/1 OOg Dolomite
Mols/lOOg
Dolomite
Mol % in 
Dolomite
A1 0.0118 0.024
Ca 8.654 17.31 0.432 48.5
Fe 0.036 0.073 0.001 0.1




The changes in the pH and the concentrations o f the principal chemical species in 
MC7 though MCI 1 to the end of the study are shown in Figures 3-14 through 3-24.
The added dolomite raised the pH o f the lake water from about 2.37 to 3.99 
within four hours. The pH in the dolomite control microcosm (MCI 1) continued to in­
crease slowly over the next eight weeks, leveling off eventually at about pH 5.5. In the 
microcosms treated with a combination o f dolomite and sewage sludge, the pH continued 
to increase to about pH 6.0, at which point it also leveled off. Dissolved organic carbon 
increased to about 20 mg/L, then leveled off, in marked contrast to the microcosms 
treated with sludge alone. In those microcosms the final organic carbon concentrations 
were approaching 300 mg/L after 168 days. The two control microcosms contained very 
low levels o f organic carbon at the beginning, and none was added. (The apparent 
changes in organic carbon content in MCI 1 shown in Figure 3-15 are due to instrument 
fluctuation. The analyzer used for organic carbon determination could not be calibrated 
at a low enough range for precise measurements below 5 mg/L on samples o f this type.)
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Sulfate dropped immediately from 0.64% to about 0.52% upon addition o f dolomite. 
However, no sulfide was detected in any microcosm during the second study.
Metal concentrations behaved quite differently in microcosms treated with dolo­
mite compared to those without dolomite. Copper dropped sharply from an initial con­
centration of 162 mg/L to about 20 mg/L at 56 days and less than 2 mg/L after 140 days. 
Iron increased gradually to a maximum concentration of 5-10 mg/L at 84 days, then 
slowly dropped off again. Zinc slowly dropped to about half o f its original concentration. 
Aluminum dropped to near zero within the first 28 days. Magnesium increased, as ex­
pected with addition o f dolomite. Calcium and sodium levels did not change much.
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Discussion
Although the sludge-treated water in the first experiment showed an increase in 
pH and a decrease in aluminum concentration (normally associated with pH increases), 
there was no evidence that bacterial sulfate reduction was occurring; in fact no sulfide 
was detected in any samples. The neutralizing effects o f the carbonate and phosphate 
present in the sludge could account for most o f  the initial pH increase (from 2.3 to 2.8) in 
the sludge-treated microcosms without dolomite. The initial steep drop in dissolved iron 
within 7 days was a result o f this initial pH increase, as iron (III) precipitated from solu­
tion as oxyhydroxides. The subsequent large increase in dissolved iron, coupled with a 
further increase in pH, is indicative of iron reduction. This does not necessarily prove 
that iron-reducing bacteria were active, since abiotic reduction is also a possibility. The 
lack o f any sulfate reduction after 168 days might have been due to the pH, which was 
still too low for most sulfate-reducing bacteria (SRB), (Connell and Patrick, 1968; 
Dvorak et al., 1992; Tuttle et al., 1969) or it might have been related to the high levels of 
dissolved metals in the water (Ueki et al., 1991).
Metals behaved much differently in the second experiment, in which dolomite ad­
dition brought about an immediate large pH increase. Copper dropped from 162 mg/L 
nearly to zero. Aluminum also was removed almost completely from solution, while zinc 
decreased substantially and manganese modestly. Iron was reduced, but there was much 
less iron in solution than expected based on the high level o f iron reduction seen with 
sludge addition in the first study.
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Perhaps the most important difference between the two experiments was the much 
lower concentration of organic carbon in solution in the second experiment This low 
level o f dissolved organic carbon may be closely related to the drops in metal concentra­
tions. The decreases in the concentrations o f copper and zinc were not strictly the results 
o f increasing pH. The saturation indices o f both Cu(OH)2  and Zn(OH)2  were consistently 
below zero throughout the study, implying that their hydroxides would not precipitate. 
Table 3-4 lists the saturation indices for Zn(OH)2, Cu(OH)2, and Mn(OH>2 as well as for 
gypsum in the microcosms . (For detailed saturation index calculations, see Appendix 
A.)
If hydroxides were not precipitating these metals, something else must have been 
doing so. The consistently low levels of dissolved organic carbon may account for this. 
The same amount o f the same sludge that supplied nearly 300 mg/L (25 mM) dissolved 
organic carbon under strongly acid conditions in the first experiment supplied no more 
than about 20 mg/L (1.6 mM) at pH 6 in the second study. Yet the near-neutral pH o f the 
second study would normally favor the dissolution of organic acids (e.g., fatty acids or 
tannic acids) that are commonly present in sewage sludge more than the lower pH of the 
first study would. However, in the second study these same organic acids may have been 
precipitating copper, zinc, and, to a lesser extent, manganese (II) and iron (II). The com­
bined concentrations of copper and zinc removed from solution in the second study to­
taled 6.5 mM. Thus, insoluble metal salts, if  they are in fact forming, could easily ac­
count for the depressed organic carbon concentrations in the study.
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It was pointed out above that the initial large decrease in sulfate concentration in 
the second experiment was not due to sulfate reduction, since no sulfides were detected. 
Sulfate precipitation as gypsum was caused by the initial increase in calcium concentra­
tion that accompanied the dissolution of dolomite. The calculated saturation index for 
gypsum was very close to zero in most samples taken in this study. (See Table 3-4.)
While the combination o f dolomite and sludge removed a large portion of the dis­
solved heavy metals from solution, it did not remove all o f them. There were still on the 
order o f200-250 mg/L zinc and 180 mg/L o f manganese. This probably accounts for the 
failure o f SRB to reduce sulfate. Ueki et al. (1991) reported that lmM (65 mg/L) zinc 
severely inhibited the activity of SRB; the Berkeley Pit water contains four times as much 
zinc. The high level o f manganese may also be affecting the SRB, but possibly not se­
verely; Ueki et al. also tested manganese and found no SRB inhibition under the condi­
tions o f their study.
One might ask what change in the treatment conditions would make it possible to 
remove the zinc from solution and enable SRB to thrive in the Berkeley Pit’s waters. The 
most obvious things to try would be increases in either the organic loading or the dolo­
mite addition. The amount of sewage sludge used in this study is near the upper limit for 
application of organics, especially for a body o f water as large as the Berkeley Pit. Since 
the sludge normally contains a lot of water, two grams carbon per liter of water (i.e., two 
kilograms per ton) entails adding fifteen to twenty times that weight of wet sludge to the 
water (thirty to forty kilograms of wet sludge per ton of water). On the other hand, the 
amount o f dolomite used —  3% by weight, or about 1% by volume — is not excessive.
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This amount o f dolomite adjusted the water’s pH from 2.3 to 5.5. The amount required 
to adjust the pH from 5.5 to 7.0 would amount to a relatively small increase in dolomite. 
The principal buffers to be titrated by the carbonate addition would be copper, manga­
nese, and zinc. Assuming the neutralization would be accomplished and the copper and 
zinc removed by dolomite alone, 29 milliequivalents of carbonate per liter o f water would 
be needed to precipitate both metals completely as the hydroxides. This would be about 
three additional grams of dolomite per liter — an increase of 0.3% by weight over the 3% 
already added.
Further experiments should be conducted to find an optimum way to apply SRB 
stimulation to remediating acidic, metal-rich lakes such as the Berkeley Pit. A possibly 
fruitful approach would be to add enough dolomite or limestone to adjust the water to pH 
7 and therefore precipitate most or all o f the copper and zinc from solution. This could 
then be followed by application o f organic waste such as sewage sludge. The amount of 
sludge required should be significantly less than the 2 g/L of organic carbon used in these 
studies, since the sludge would be needed only to supply nutrients and increase oxygen 
demand, and not to contribute to neutralizing acid water.
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Added Cu(OH>2 Zn(OH)2 Mn(OH)2 CaSC>4
7 Yes -3.11 -4.53 -9.10 0.19
14 Yes -2.76 -4.06 -8.54 0.16
28 Yes -2.05 -3.18 -7.66 0.11
56 Yes -1.92 -2.57 -7.00 0.07
84 Yes -2.28 -2.33 -6.75 0.06
140 Yes -2.29 -1.97 -6.31 0.06
168 Yes -2.20 -1.85 -6.18 0.04
224 Yes -2.15 -1.72 -6.01 0.12
245 Yes -2.13 -1.72 -5.99 0.09
0 No -7.04 -8.69 -13.29 0.13
7 No -6.11 -7.75 -12.32 0.22
14 No -5.93 -7.55 -12.13 0.23
28 No -5.74 -7.37 -11.95 0.23
56 No -5.66 -7.31 -11.89 0.24
84 No -5.59 -7.23 -11.81 0.20
168 No -5.63 -7.23 -11.81 0.17
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Two laboratory-scale studies on the remediation o f water quality in contaminated 
pit lakes have been reported. In both cases, attempts were made to lower sulfate levels 
and precipitate heavy metals or metalloids by stimulating the activity of sulfate-reducing 
bacteria (SRB). The results of these two studies differed greatly. Examining the reasons 
for these divergent results should make clearer the problems and opportunities that pres­
ent themselves to workers in this field.
The first study addressed a pit lake at a gold mine, where the main contaminants 
were sulfate and arsenic. No heavy metals were present above the trace level except iron, 
and the water was only mildly acidic. This lake represented an excellent opportunity to 
employ bacteria in the cleanup. The main thing needed was sufficient organic matter to 
(1) consume the dissolved oxygen, thus establishing suitable growth conditions for an­
aerobic bacteria, and (2) supply, either directly or indirectly, the nutrients needed by 
SRB. Two inexpensive organic wastes were available within reasonable distance of the 
lake. Both waste materials were effective in starting and maintaining SRB activity, al­
though the potato waste clearly outperformed the composted manure. As a result, sulfate 
was reduced to acceptable levels, and iron and arsenic were precipitated from solution as 
sulfides within a few months. The project is one that will have a good chance o f success 
if scale-up work is performed.
The second study addressed a very different type of pit lake, the Berkeley Pit. 
Matters o f scale aside — the Berkeley Pit is two orders of magnitude larger than the 
Summer Camp Pit — the water in the Berkeley Pit is a much more complex mixture, 
with a high acid concentration, extremely high sulfate, and an array o f metals in the range
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o f hundreds of parts per million, many o f them toxic to bacteria, not to mention to plants 
and animals. The approach that worked very well at the Getchell Mine was ineffective at 
Butte. The initial fast rise in pH faded, and iron reduction proved insufficient as a route 
to consume acid.
The second Berkeley Pit experiment, in which the pH was adjusted above 5.5 — 
nearly the same pH as the Summer Camp Pit lake — provided some important clues to 
the reason the first Berkeley Pit experiment had failed. While the organic amendments 
used in the two lakes were somewhat different, the sludge was qualitatively similar to the 
composted manure used with some success at Getchell. The most significant obstacle 
appears to have been the high concentrations o f heavy metals, especially copper and zinc. 
The low solubility of the organic matter in the second experiment, coupled with the dis­
appearance of the copper and half o f the zinc from solution, appears to indicate that even 
very large additions of sludge —  or any similar organic product — will not suffice to 
maintain SRB activity. Two interfering phenomena seem to be at work: the toxicity of 
zinc toward SRB and the precipitation o f most o f the organic matter in the form of in­
soluble salts or complexes.
This result does not mean that bioremediation o f the Berkeley Pit is impossible. 
Rather it serves to demonstrate the complexity of that lake compared to a chemically 
simple lake like the Summer Camp Pit, and it demonstrates that a simple, straightforward 
approach will probably not succeed at Butte. However, it does point the way to a reme­
diation approach that may have a chance o f success.
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It does not appear that addition o f even more sludge would solve the problem. 
Even if  it worked, the enormous amount o f waste that would be needed would create its 
own problems. However, a relatively small increase above the amount o f limestone or 
dolomite added in the second Berkeley Pit experiment might be sufficient. It was pointed 
out in Chapter 3 that increasing the dolomite added from 3% by weight to 3.3% would 
have a good chance of precipitating most o f the zinc and copper, which appear to be the 
main substances inhibiting bacterial activity. Following the liming with addition o f or- 
ganics might then start SRB activity. It might require much less organic matter than was 
used in the experiments reported in Chapters 2 and 3.
In any case, the fact remains that, if  contaminated pit lakes are to be rendered us­
able and ground-water sulfate pollution from those lakes is to be avoided, some way must 
be found to reduce sulfate levels in lake water. Moreover, the approach to removal or 
sequestration o f heavy metals and metalloids that has the best chance o f long-term suc­
cess is precipitation in the form of sulfide minerals. The one process that can accomplish 
both o f these objectives is bacterial sulfate reduction. Therefore, it is worth the effort to 
find ways to help SRB to function in hostile pit-lake environments.
The complexity o f the Berkeley Pit problem serves to underscore the importance 
o f taking action before the fact to prevent a highly acid, high-metals pit lake from devel­
oping. The existence o f a large, acidic pit lake is a billboard conveying the message that 
the best and cheapest measures were not taken. Several examples cited in Chapter 1 
demonstrate that prevention is much cheaper than remediation. Sealing off o f waste 
dumps, diversion o f drainage away from waste rock, and early use of limestone and other
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amendments in relatively small quantities can save mine operators and communities a 
great deal o f later expense.
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Appendix A. Calculation of Saturation Index
The saturation index (SI) of an ionic solute with the formula (ai)zi (a2)z2 • •• (an)zn 
is defined as follows:
SI = log10
where a; is the activity o f an ionic species, n(a,)n is the product o f the solution activities 
o f the ions, and Ksp is the equilibrium solubility product constant, i.e., the value o f rifa)21 
at saturation. A negative saturation index indicates a solute is undersaturated, while a 
positive value indicates oversaturation.
Since both the solubility product and the saturation index are based on activities 
rather than concentrations, it is necessary to calculate the activities o f all ionic species 
involved in the equilibrium. Since activity coefficients are strong functions of the ionic 
strength, it is also necessary to know the concentrations of all ionic species present in 
solution in any significant concentration. Calculation of the saturation index therefore 
requires three steps:
1. Calculation of ionic strength. (This is an iterative process if  there are weak electro­
lytes present.)
2. Calculation of activity coefficients for all relevant ions.
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The ionic strength is defined as I,
i=l
where Ci is the molal concentration o f the ith species and Zj is its ionic charge.
Activity coefficients y; were calculated by the Truesdell-Jones modification o f the 
extended Debye-HQckel equation (Langmuir, 1997):
,  - A z ?  V i  u
l o g i o r ,—  , - -  '  / r + b l
1 + B as VI
The parameters A and B are obtained by the formulas
A = 1824948 p0J (sT)'1
and
B = 50.3 ( sT)4
where T is the absolute temperature (K), po is the density of water (g cm'3) and 8 is wa­
ter’s dielectric constant. At 15° C, A = 0.500787 and B = 0.3269. The values for the ion- 
size parameter a,- and the empirical parameter b, listed in Table A l, were obtained from 
Langmuir (1997), except that those for bisulfate were obtained from Truesdell and Jones 
(1974). The parameters for Cu2+ were not listed in the above references, so they were
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obtained by interpolation between the values for Ni2+ and Zn2+. This was considered rea­
sonable because the ion sizes vary smoothly among the first-row transition metals 
(Huheey, 1972), leading to the expectation that the a,- values would also do so, and be­
cause the values o f the empirical b parameter for manganese, iron, cobalt, nickel, and 
zinc are all in the range 0.16 to 0.24.
Because the second ionization of sulfuric acid is weak (pK2 = 1.95) and because 
sulfate is the dominant anion in the pit lake water, it was necessary, for samples with low 
pH values, to recalculate the degree of bisulfate ionization, then recalculate ionic strength 
based on the new sulfate and bisulfate concentrations, and continue these iterative calcu­
lations until the values converged. It was also necessary to correct for the concentration 
o f the neutral CaS0 4  complex by means o f the equilibrium relationship (Langmuir, 1997)
cosm samples are listed in Tables A2 and A3. Values for the activity coefficients o f the 
principal ionic species in the samples are listed in Tables A4 and AS.
Values for the solubility products of Cu(OH)2, Zn(OH)2, Mn(OH)2, and CaSC>4 
were obtained from the CRC Handbook o f Chemistry and Physics (Weast, 1981) and 
from Snoeyink and Jenkins (1980). These values are listed in Table A6.
Concentrations o f the principal ionic species and the calculated ionic strength for micro-
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Table A2. Ion Concentrations (mM) and Ionic Strength (M) in Microcosms Without 
Dolomite, With Sludge Addition (No Sludge at t=0).
Days
Incubated 0 7 14 28 56 84 168
S042' 53.2 57.5 54.4 55.2 57.0 53.4 53.1
HS04‘ 8.2 3.3 • 2.6 2.0 2.1 1.8 1.8
Ca2+ 7.4 9.3 9.7 9.7 9.8 9.2 8.4
Mg2+ 17.0 18.7 18.4 18.4 18.6 18.2 17.8
Mn 3.8 3.6 3.4 3.4 3.5 3.5 3.4
Al3+ 9.8 8.0 7.7 7.9 8.5 8.2 7.0
Zn2+ 7.3 6.4 6.3 6.4 6.5 6.4 6.2
Cu2+ 2.5 2.1 2.0 2.1 2.2 2.1 1.9
Na+ 3.3 3.1 3.3 3.2 3.3 2.9 2.8
Fe (total) 1.8 0.2 0.2 0.3 0.5 0.6 1.0
H* 5.4 1.6 1.3 1.0 1.0 0.9 0.9
I 0.241 0.236 0.227 0.230 0.237 0.226 0.218
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Table A3. Ion Concentrations (mM) and Ionic Strength (M) in Microcosms With
Dolomite, With Sludge Addition.
Days
Incubated 7 14 28 56 84 140 168 224 245
S O /' 48.9 48.9 46.8 46.8 45.8 46.8 46.5 46.8 47.9
HS04' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ca2+ 8.0 7.3 6.6 6.2 5.9 5.8 5.5 6.6 6.1
Mg2+ 23.4 24.4 25.0 28.2 25.2 26.4 26.5 26.3 27.5
Mn2+ 3.4 3.5 3.4 3.5 3.3 3.3 3.2 3.3 3.3
Al3+ 1.8 0.7 0.3 0.1 0.0 0.0 0.0 0.0 0.0
Zn2+ 6.0 6.1 6.0 5.7 5.0 4.2 4.0 3.7 3.5
Cu2+ 1.2 1.0 0.6 0.2 0.0 0.0 0.0 0.0 0.0
Na+ 2.9 2.9 2.9 3.6 2.8 3.1 2.9 2.7 3.2
Fe (total) 0.0 0.0 0.0 0.1 0.1 0.1 0.0 0.0 0.0
IT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
I 0.192 0.187 0.180 0.184 0.172 0.175 0.173 0.175 0.178
Table A4. Calculated Activity Coefficients for Microcosms Without Dolomite, With
Sludge Addition (No Sludge at t=0).
Days
Incubated 0 7 14 28 56 84 168
S042' 0.2805 0.2857 0.2896 0.2884 0.2851 0.2901 0.2940
HS04' 0.7200 0.7059 0.7090 0.7080 0.7054 0.7094 0.7125
Ca2+ 0.3092 0.2789 0.2829 0.2816 0.2783 0.2833 0.2873
Mg2+ 0.3369 0.2955 0.2993 0.2980 0.2948 0.2997 0.3036
Mn2+ 0.3903 0.3399 0.3433 0.3422 0.3393 0.3438 0.3473
Al3+ 0.0946 0.0844 0.0863 0.0857 0.0840 0.0866 0.0886
Zn2+ 0.3206 0.2768 0.2807 0.2794 0.2761 0.2812 0.2852
Cu2+ 0.3253 0.2870 0.2908 0.2896 0.2863 0.2913 0.2952
Na+ 0.7404 0.6985 0.7017 0.7006 0.6979 0.7021 0.7053
Fe2+ 0.3140 0.2833 0.2872 0.2859 0.2826 0.2876 0.2916
IT 0.8293 0.7118 0.7148 0.7138 0.7113 0.7151 0.7181
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Table A5. Calculated Activity Coefficients for Microcosms With Dolomite, With Sludge
Addition.
Days
Incubated 7 14 28 56 84 140 168 224 245
S042' 0.305 0.308 0.312 0.310 0.317 0.315 0.316 0.316 0.316
HS(V 0.736 0.753 0.740 0.738 0.743 0.742 0.742 0.742 0.743
Ca2+ 0.329 0.331 0.335 0.333 0.339 0.338 0.338 0.338 0.338
Mg2+ 0.354 0.356 0.359 0.357 0.363 0.362 0.362 0.362 0.362
Mn2+ 0.403 0.368 0.372 0.370 0.376 0.374 0.375 0.375 0.375
Al3+ 0.106 0.099 0.101 0.100 0.104 0.103 0.104 0.104 0.104
Zn2+ 0.338 0.249 0.254 0.251 0.259 0.257 0.258 0.258 0.258
Cu2+ 0.343 0.249 0.254 0.251 0.259 0.257 0.258 0.258 0.258
Na+ 0.752 0.753 0.755 0.754 0.757 0.757 0.757 0.757 0.757
Fe2+ 0.333 0.313 0.318 0.315 0.322 0.321 0.322 0.322 0.322
11 0.824 0.743 0.745 0.744 0.748 0.747 0.748 0.748 0.748
Table A6. Solubility Products o f Selected Salts in Pit Lake Water.
Compound Source * Ksp
Cu(OH>2 2 5.01 xlO*20
Zn(OH)i 1 1 .8x l014
Mn(OH)2 1 4x1 O’14
CaS04 1 2.45xl0'5
* 1 = Weast; 2 = Snoeyink and Jenkins
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Appendix B
Analytical and Quality Control Data from Getchell Study
The analytical data in the following tables were collected in the course o f the 
Getchell microcosm study reported in Chapter 2.
Quality control samples included field blanks, check standards, and replicate 
samples. In these tables FB signifies field blank, i.e., a sample o f analyte-free water bot­
tled at the time of sample collection and treated and analyzed the same as microcosm 
samples. Blank signifies a laboratory blank. ® after the sample code signifies a replicate 
sample, i.e., one analyzed two or more times.
Sample codes: The number before the hyphen is the number o f days incubated; 
the second number is the microcosm number.
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Table B2. Arsenic (HI) Data by Atomic Absorption Spectrophotometry
The following data were collected using the Varian Model 875 Spectrophotometer 
equipped with a VGA-76 hydride generator. Sample Code: The first number is days of 
incubation; the second number is the microcosm number. CSxxx signifies a calibration 
or check standard, where xxx is the concentration o f the standard in fig/L.
Date of Date of
Sampling Analysis Sample No. Dilution
Factor
Absorbance
11 Nov 96 Blank 1 0.0020
11 Nov 96 CS 1.10 1 0.0308
11 Nov 96 CS 2.20 1 0.0634
11 Nov 96 CS 5.51 1 0.1458
11 Nov 96 CS 11.02 1 0.2717
11 Nov 96 Blank 1 0.0041
8 Nov 96 11 Nov 96 0-1 1000 0.0259
8 Nov 96 11 Nov 96 0-2 1000 0.0230
8 Nov 96 11 Nov 96 0-3 1000 0.0215
8 Nov 96 11 Nov 96 0-4 1000 0.0072
8 Nov 96 11 Nov 96 0-5 1000 0.0095
8 Nov 96 11 Nov 96 0-6 1000 0.0152
8 Nov 96 11 Nov 96 0-7 1000 0.0162
8 Nov 96 11 Nov 96 0-8 1000 0.0205
8 Nov 96 11 Nov 96 0-9 1000 0.0176
8 Nov 96 11 Nov 96 0-10 1000 0.0216
11 Nov 96 Blank 1 0.0048
8 Nov 96 11 Nov 96 0-4 100 0.0374
8 Nov 96 11 Nov 96 0-5 100 0.0954
8 Nov 96 11 Nov 96 0-6 100 0.1108
8 Nov 96 11 Nov 96 0-7 100 0.1123
19 Nov 96 Blank 1 0.0004
19 Nov 96 CS 1.10 1 0.0284
19 Nov 96 CS 2.20 1 0.0575
19 Nov 96 CS 5.50 1 0.1409
19 Nov 96 CS 11.02 1 0.2514
19 Nov 96 Blank 1 0.0021
13 Nov 96 19 Nov 96 5-1 100 0.0142
13 Nov 96 19 Nov 96 5-2 100 0.0149
13 Nov 96 19 Nov 96 5-3 100 0.2363




13 Nov 96 
13 Nov 96 
13 Nov 96 
13 Nov 96
13 Nov 96 
13 Nov 96 
13 Nov 96 
13 Nov 96
20 Nov 96 
20 Nov 96
20 Nov 96 
20 Nov 96 
20 Nov 96
20 Nov 96 
20 Nov 96 
20 Nov 96
20 Nov 96
20 Nov 96 





Analysis Sample No. Factor Absorbance
19 Nov 96 5-4 1000 0.0509
19 Nov 96 5-5 1000 0.0795
19 Nov 96 5-6 1000 0.0881
19 Nov 96 5-7 100 0.0173
19 Nov 96 Blank 1 0.0047
19 Nov 96 5-8 100 0.2198
19 Nov 96 5-9 1000 0.0444
19 Nov 96 5-10 1000 0.0701
19 Nov 96 5-11 100 0.2659
19 Nov 96 Blank 1 0.0085
22 Nov 96 Blank 1 0.0017
22 Nov 96 CS 0.996 1 0.0324
22 Nov 96 CS 1.99 1 0.0626
22 Nov 96 CS 3.98 1 0.1172
22 Nov 96 CS 9.96 1 0.2619
22 Nov 96 Blank 1 0.0070
22 Nov 96 12-1® 100 0.0196
22 Nov 96 12-2® 100 0.0165
22 Nov 96 Blank 1 0.0023
22 Nov 96 12-1 ® 100 0.0176
22 Nov 96 12-2® 100 0.0159
22 Nov 96 12-3 1000 0.0853
22 Nov 96 Blank 1 0.0070
22 Nov 96 12-4 1000 0.1116
22 Nov 96 12-5 1000 0.0870
22 Nov 96 . 12-6 1000 0.0966
22 Nov 96 Blank 1 0.0051
22 Nov 96 12-7 10 0.1448
22 Nov 96 Blank 1 0.0051
22 Nov 96 12-9 1000 0.1211
22 Nov 96 12-10 1000 0.1802
22 Nov 96 12-11 100 0.2190
22 Nov 96 Blank 1 0.0096
22 Nov 96 12-8 101 0.0686
3 Dec 96 Blank 1 0.0015
3 Dec 96 CS 0.996 1 0.0298
3 Dec 96 CS 1.99 1 0.0584
3 Dec 96 CS 3.98 1 0.1091
3 Dec 96 CS 9.96 1 0.2477
3 Dec 96 Blank 1 0.0064
3 Dec 96 21-1 10 0.1012




29 Nov 96 
29 Nov 96
29 Nov 96 
29 Nov 96 
29 Nov 96 
29 Nov 96
29 Nov 96 
29 Nov 96 
29 Nov 96
29 Nov 96
9 Dec 96 
9 Dec 96
9 Dec 96 
9 Dec 96 
9 Dec 96 
9 Dec 96 
9 Dec 96
9 Dec 96 
9 Dec 96 
9 Dec 96
9 Dec 96 
9 Dec 96 
9 Dec 96
Date of Dilution
Analysis Sample No. Factor Absorbance
3 Dec 96 21-2 100 0.1086
3 Dec 96 21-3 1000 0.0545
3 Dec 96 Blank 1 0.0059
3 Dec 96 21-4 1000 0.1018
3 Dec 96 21-5 1000 0.0765
3 Dec 96 21-6 1000 0.0916
3 Dec 96 21-7 10 0.0945
3 Dec 96 Blank 1 0.0071
3 Dec 96 21-8 1000 0.0974
3 Dec 96 21-9 1000 0.0304
3 Dec 96 21-10 1000 0.0514
3 Dec 96 Blank 1 0.0058
3 Dec 96 21-11 1000 0.0577
3 Dec 96 CS 9.96 1 0.2505
11 Dec 96 Blank 1 0.0004
11 Dec 96 CS 1.01 1 0.0245
11 Dec 96 CS 2.02 1 0.0561
11 Dec 96 CS 4.04 1 0.1025
11 Dec 96 CS 10.09 1 0.2287
11 Dec 96 Blank 1 0.0010
11 Dec 96 31-1 10 0.0914
11 Dec 96 31-3 1000 0.0136
11 Dec 96 Blank 1 0.0035
11 Dec 96 31-4 1000 0.0998
11 Dec 96 31-5 1000 0.0818
11 Dec 96 31-6 1000 0.0869
11 Dec 96 31-7 10 0.1117
11 Dec 96 31-8 1000 0.0324
11 Dec 96 Blank 1 0.0045
11 Dec 96 31-9 1000 0.0857
11 Dec 96 31-10 1000 0.0830
11 Dec 96 31-11 1000 0.0012
11 Dec 96 Blank I 0.0053
11 Dec 96 Blank 1 0.0051
11 Dec 96 31-3 100 0.0832
11 Dec 96 31-2 1000 0.0698
11 Dec 96 31-11 100 0.0523
11 Dec 96 Blank 1 0.0077
11 Dec 96 CS 10.09 I 0.2813
15 Jan 97 Blank 1 0.0010
15 Jan 97 CS 1.01 1 0.0299




7 Jan 97 
7 Jan 97 




7 Jan 97 
7 Jan 97 
7 Jan 97
7 Jan 97 
7 Jan 97
7 Jan 97 
7 Jan 97
7 Apr 97 




5 Jan 97 CS 2.03
5 Jan 97 CS 6.08
5 Jan 97 CS 10.13
5 Jan 97 Blank
5 Jan 97 60-1
5 Jan 97 60-2
5 Jan 97 60-3
5 Jan 97 60-4
5 Jan 97 Blank
5 Jan 97 60-6
5 Jan 97 Blank
5 Jan 97 60-11
5 Jan 97 Blank
5 Jan 97 60-9
5 Jan 97 60-8
5 Jan 97 60-10
5 Jan 97 Blank
5 Jan 97 Blank
5 Jan 97 CS 1.01
5 Jan 97 CS 2.03
5 Jan 97 CS 6.08
5 Jan 97 CS 10.13
5 Jan 97 Blank
5 Jan 97 60-5
5 Jan 97 FB
5 Jan 97 Blank
5 Jan 97 60-7
5 Jan 97 60-3
5 Jan 97 CS 3.98
5 Jan 97 CS 9.96
5 Jan 97 Blank
4 Apr 97 Blank
4 Apr 97 CS 1.03
4 Apr 97 CS 2.05
4 Apr 97 CS 4.11
4 Apr 97 CS 8.22
4 Apr 97 CS 10.27
4 Apr 97 Blank
4 Apr 97 150-1
4 Apr 97 150-2

















































7 Apr 97 
7 Apr 97 
7 Apr 97 
7 Apr 97
7 Apr 97 




Analysis Sample No. Factor Absorbance
14 Apr 97 150-4 50 0.0100
14 Apr 97 Blank 1 0.0017
14 Apr 97 CS 4.11 1 0.1624
14 Apr 97 Blank 1 0.0031
14 Apr 97 CS 1.03 1 0.0383
14 Apr 97 CS 2.05 1 0.0686
14 Apr 97 CS4.11 1 0.1248
14 Apr 97 CS 8.22 1 0.2227
14 Apr 97 CS 10.27 1 0.2767
14 Apr 97 Blank 1 0.0056
14 Apr 97 150-5 50 0.0226
14 Apr 97 150-6 1000 0.1073
14 Apr 97 150-7 50 0.0204
14 Apr 97 150-8 ® 1000 0.0460
14 Apr 97 Blank 1 0.0050
14 Apr 97 CS 4.11 1 0.1342
15 Apr 97 Blank 1 0.0075
15 Apr 97 CS 8.22 1 0.1815
15 Apr 97 CS 10.27 1 0.2362
15 Apr 97 CS 4.11 1 0.1010
15 Apr 97 CS 2.05 1 0.0553
15 Apr 97 CS 1.03 1 0.0345
15 Apr 97 Blank 1 0.0115
15 Apr 97 150-11 1 0.0297
15 Apr 97 . 150-10 1000 0.0678
15 Apr 97 150-9 1000 0.0852
15 Apr 97 CS 4.11 1 0.1180
15 Apr 97 Blank 1 0.0115
15 Apr 97 Blank 1 0.0054
15 Apr 97 CS 10.27 1 0.2380
15 Apr 97 CS 8.22 1 0.2025
15 Apr 97 CS 4.11 1 0.1063
15 Apr 97 CS 2.05 1 0.0591
15 Apr 97 CS 1.03 1 0.0371
15 Apr 97 Blank 1 0.0101
15 Apr 97 CS 10.27 1 0.2487
15 Apr 97 150-8® 1000 0.0368
12 Jun97 Blank 1 0.0011
12 Juii 97 CS 10.4 1 0.3273
12 Jun 97 CS 5.20 1 0.1764
12 Jun97 CS 2.08 1 0.0742




6 Jun 97 
6 Jun 97 
6 Jun 97 
6 Jun 97
6 Jun 97 
6 Jun 97 
6 Jun 97 
6 Jun 97
6 Jun 97 
6 Jun 97 




12 Jun 97 CS 1.04
12 Jun 97 Blank
12 Jun 97 210-1
12 Jun 97 210-2
12 Jun 97 210-3
12 Jun 97 210-4
12 Jun 97 Blank
12 Jun 97 Blank
12 Jun 97 CS 10.4
12 Jun 97 CS 5.20
12 Jun 97 CS 2.08
12 Jun 97 CS 1.04
12 Jun 97 Blank
12 Jun 97 210-5
12 Jun 97 210-6
12 Jun 97 210-7
12 Jun 97 210-8
12 Jun 97 Blank
12 Jun 97 210-9
12 Jun 97 210-10
12 Jun 97 210-11
12 Jun 97 FB
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Arsenic (111) Calculations
A Ieast-squares equation was derived from the calibration standards, and this 
equation was applied to the absorbance data. In cases where the instrument response was 
linear over the range from 1 pg/L to 10 pg/L, a linear equation of the form y = bx + c was 
used, where y is the As(III) concentration, x is the absorbance, b is a slope, and c is the 
intercept. In cases where instrument response was nonlinear, a quadratic fit was used 
which had the form y = ax2 + bx + c, where y is the As(III) concentration (pg/L), x is the 
net absorbance, and a, b, and c are parameters yielding a least-squares fit R is the cor­
relation coefficient.
Subsequent calibration standards were used as quality control checks. If the re­
sponse was found to have changed, the previous data were discarded, adjustments were 
made to the instrument as needed, new calibration standards were run, and the previous 
samples were reanalyzed.
Because o f a malfunctioning flow controller for the combustion gases, the base­
line (in effect the blank value) tended to fluctuate. In most cases it was possible to cor­
rect for this baseline variation by measuring a blank every four or five samples. If suc­
cessive blanks differed, the proper blank readings for the intervening samples were cal­
culated by linear interpolation. These blanks were then subtracted from the gross absorb­
ances to yield net absorbance values for each sample. Calibration curves were derived in 
these cases from calculated net absorbances.
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Table B3. Arsenic (111) Calibration. Parameters for least squares equations are
listed.
Date
Analyzed Samples a b c R2
11 Nov 96 0-1 through 
0-10
40.9009 -0.23616 0.9985
19 Nov 96 5-1 through 
5-11
44.6404 -0.327 0.9960
22 Nov 96 12-1 through 24.6554 
12-11
32.6121 0.0006 0.999995
3 Dec 96 21-1 through 
21-11
40.997 -0.2964 0.9982
11 Dec 96 31-1 through 
31-11
44.305 -0.1478 0.997





15 Jan 97 60-3.60-5, 
60-7, FB
43.090 -0.1832 0.9981












15 Apr 97 150-8 43.91 -0.14 0.9984
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Date Analyzed Sample
11 Nov 96 0-1
11 Nov 96 0-2
11 Nov 96 0-3
11 Nov 96 0-4
11 Nov 96 0-5
11 Nov 96 0-6
11 Nov 96 0-7
11 Nov 96 0-8
11 Nov 96 0-9
11 Nov 96 0-10
19 Nov 96 5-1
19 Nov 96 5-2
19 Nov 96 5-3
19 Nov 96 5-4
19 Nov 96 5-5
19 Nov 96 5-6
19 Nov 96 5-7
19 Nov 96 5-8
19 Nov 96 5-9
19 Nov 96 5-10
19 Nov 96 5-11
22 Nov 96 12-1®
22 Nov 96 12-1®
22 Nov 96 12-2®
22 Nov 96 12-2®
22 Nov 96 12-3
22 Nov 96 12-4
22 Nov 96 12-5
22 Nov 96 12-6
22 Nov 96 12-7
22 Nov 96 12-8
22 Nov 96 12-9
22 Nov 96 12-10
22 Nov 96 12-11
3 Dec 96 21-1
3 Dec 96 21-2
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As (III) (pg/L) 
in dilute 
sample
3 Dec 96 21-4 1000 0.1018 3.88
3 Dec 96 21-5 1000 0.0765 2.84
3 Dec 96 21-6 1000 0.0916 3.46
3 Dec 96 21-7 10 0.0945 3.60
3 Dec 96 21-8 1000 0.0974 3.70
3 Dec 96 21-9 1000 0.0304 0.95
3 Dec 96 21-10 1000 0.0514 1.81
3 Dec 96 21-11 1000 0.0577 2.07
11 Dec 96 31-1 10 0.0896 3.82
11 Dec 96 31-2 1000 0.0639 2.68
11 Dec 96 31-3 100 0.0764 3.24
11 Dec 96 31-4 1000 0.0960 4.10
11 Dec 96 31-5 1000 0.0777 3.30
11 Dec 96 31-6 1000 0.0825 3.51
11 Dec 96 31-7 10 0.1070 4.59
11 Dec 96 31-8 1000 0.0275 1.07
11 Dec 96 31-9 1000 0.0809 3.44
11 Dec 96 31-10 1000 0.0779 3.30
11 Dec 96 31-11 100 0.0452 1.86
15 Jan 97 60-1 10 0.1040 4.35
15 Jan 97 60-2 100 0.1801 7.71
15 Jan 97 60-3® 1000 0.0847 3.50
15 Jan 97 60-3® 1000 0.0798 3.26
15 Jan 97 60-4 100 0.0191 0.60
15 Jan 97 60-5 100 0.0318 1.19
15 Jan 97 60-6 1000 0.0797 3.28
15 Jan 97 60-7 10 0.0891 3.66
15 Jan 97 60-8 1000 0.0675 2.74
15 Jan 97 60-9 1000 0.1232 5.20
15 Jan 97 60-10 1000 0.1154 4.85
15 Jan 97 60-11 1000 0.0360 1.35
15 Jan 97 FB 1 0.0057 0.06
14 Apr 97 150-1 50 0.0309 0.67
14 Apr 97 150-2 10 0.0545 1.36
14 Apr 97 150-3 1000 0.0993 2.68
14 Apr 97 150-4 50 0.0082 0.00
14 Apr 97 150-5 50 0.0171 0.38
14 Apr 97 150-6 1000 0.1019 3.65
14 Apr 97 150-7 50 0.0152 0.31
14 Apr 97 150-8 ® 1000 0.0409 1.30
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Date Analyzed
15 Apr 97 
15 Apr 97 
15 Apr 97 
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Table B5. Inductively Coupled Argon Plasma Emission Spectroscopy (ICAPES)
Data
All samples were analyzed at 1:10 dilution unless otherwise noted. Blanks and check 
standards were analyzed neat Comp signifies a composite check standard containing all 
elements in the calibration standards. Txxx or AMWx signifies a USGS reference stan­
dard, where Txxx or AMWx is the standard’s catalogue number. All concentrations are 
reported in milligrams per liter. Concentrations are not corrected for dilution unless the 
sample number is marked with an asterisk.
Sample codes beginning with B are samples from the Berkeley Pit microcosm study that 
were analyzed concurrently with the Getchell samples. All samples were filtered and 
then acidified with nitric acid except as noted. A sample number followed by Cl indi­
cates that the sample was acidified with hydrochloric acid; a number followed by NA in­
dicates that the sample was not acidified.
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Date of Date Sample
Sampling Analyzed No. Ag
26 Nov 96 Blank -0.0001
26 Nov 96 Comp 0.0495
26 Nov 96 Comp 0.0500
26 Nov 96 Blank •0.0004
26 Nov 96 T107 0.0067
26 Nov 96 T117 •0.0011
8 Nov 96 26 Nov 96 0-1 -0.0042
8 Nov 96 26 Nov 96 0-2 -0.0036
8 Nov 96 26 Nov 96 0-3 -0.0034
8 Nov 96 26 Nov 96 0-4 -0.0032
8 Nov 96 26 Nov 96 0-5 •0.0028
8 Nov 96 26 Nov 96 0-6 -0.0506
8 Nov 96 26 Nov 96 0-7 •0.0029
8 Nov 96 26 Nov 96 0-8 -0.0018
8 Nov 96 26 Nov 96 0-9 -0.0016
8 Nov 96 26 Nov 96 0-10 -0.0007
26 Nov 96 Blank 0.0016
26 Nov 96 T107 0.0109
26 Nov 96 T117 -0.0007
26 Nov 96 Comp 0.0487
26 Nov 96 Blank 0.0013
26 Nov 96 Blank 0.0007
26 Nov 96 Blank -0.0005
26 Nov 96 Comp 0.0487
26 Nov % T107 0.0104
26 Nov 96 T117 -0.0017
13 Nov 96 26 Nov 96 5-1 •0.0030
13 Nov 96 26 Nov 96 5-2 -0.0033
13 Nov 96 26 Nov 96 5-3 -0.0019
13 Nov 96 26 Nov 96 5-4 -0.0028
13 Nov 96 26 Nov 96 5-5 -0.0017
13 Nov 96 26 Nov 96 5-6 •0.0462
13 Nov 96 26 Nov 96 5-7 •0.0024
13 Nov 96 26 Nov % 5-8 0.0020
13 Nov 96 26 Nov 96 5-9 -0.0007
13 Nov 96 26 Nov 96 5-10 -0.0019
13 Nov 96 26 Nov 96 5-11 -0.0054
13 Nov 96 26 Nov 96 FB 0.0004
26 Nov 96 Blank 0.0002
26 Nov 96 T107 0.0100
26 Nov 96 T117 -0.0011
26 Nov 96 Comp 0.0483
20 Nov 96 26 Nov 96 12-1 -0.0024
20 Nov 96 26 Nov 96 12-2 -0.0026
20 Nov 96 26 Nov 96 12-3 -0.0009
20 Nov 96 26 Nov 96 12-4 •0.0030
20 Nov 96 26 Nov 96 12-5 -0.0018
20 Nov 96 26 Nov 96 12-6 -0.0477
20 Nov 96 26 Nov 96 12-7 -0.0017
112
Al As B Ba
0.0061 -0.0036 •0.0026 0.003
1.001 1.020 0.1910 0.1019
1.0004 1.027 0.1911 0.1026
0.0048 •0.0002 -0.0059 0.0005
0.2467 0.0131 0.1281 02171
0.0891 0.0086 0.1413 0.1070
0.0107 0.1239 0.0066 0.0043
0.0045 0.1164 0.0088 0.0034
0.0146 0.1464 0.0077 0.0030
0.0094 0.1502 0.0104 0.0044
0.0072 0.0993 0.0118 0.0058
0.3562 02413 0.0199 -0.1005
0.0135 0.1363 0.0127 0.0041
0.0084 0.1115 0.0177 0.0040
0.0150 0.1252 0.0239 0.0028
0.0836 0.8467 0.1363 0.0192
0.0071 0.0113 -0.0088 0.0007
02402 0.0173 0.1237 02149
0.0887 0.0054 0.1365 0.1051
0.9925 0.9892 0.1931 0.0989
0.0056 0.0012 0.0107 0.0017
0.0081 0.0065 0.0100 0.0024
-0.0044 -0.0079 -0.0010 -0.0008
0.9925 0.9892 0.1931 0.0989
0.2277 0.0075 0.1350 02058
0.0742 -0.0024 0.1489 0.1015
•0.0010 02869 0.0128 -0.0004
-0.0005 02869 0.0128 -0.0004
-0.0029 02876 0.0126 0.0002
-0.0005 0.4731 0.0175 0.0012
-0.0027 0.3567 0.0165 -0.0003
0.5205 0.4775 0.0222 -0.0953
0.0010 02206 0.0163 •0.0002
0.0006 0.3009 0.0503 0.0006
•0.0006 0.3083 0.0810 0.0020
0.0275 0.4140 0.1531 0.0346
-0.0041 0.1522 0.0122 0.0040
-0.0088 -0.0109 0.0182 0.0001
-0.0042 -0.0187 -0.0013 -0.0007
0.2229 0.0014 0.1293 02057
0.0762 •0.0004 0.1437 0.1019
0.9838 0.9815 .0.1917 0.0991
-0.0021 0.3135 0.0093 -0.0005
-0.0047 02717 0.0105 -0.00! 1
-0.0067 02977 0.0108 -0.0007
0.0022 0.4779 0.0132 -0.0011
0.0010 0.3990 0.0169 -0.0009
0.5356 0.5030 0.0226 -0.0964
-0.0021 02148 0.0171 •0.0008
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Sample
No. Be Ca Cd
Blank 0.00003 0.0043 0.0000
Comp 0.09749 1.023 02069
Comp 0.09681 1.025 02073
Blank 0.00001 0.0023 0.0000
T107 0.01202 12.96 0.0164
T117 0.00501 23.38 0.0016
0-1 -0.00139 37.25 0.0005
0-2 -0.00117 34.80 0.0007
0-3 -0.00114 33.86 0.0003
0-4 -0.00121 33.76 0.0003
0-5 -0.00103 31.58 0.0004
0-6 0.01108 3238 0.0182
0-7 -0.00092 32.73 -0.0001
0-8 -0.00075 30.53 0.0014
0-9 -0.00058 2726 0.0013
0-10 -0.00031 17.53 0.0009
Blank 0.00002 0.0038 0.0008
T107 0.01175 12.74 0.0166
TI17 0.00489 22.78 0.0027
Comp 0.09441 1.028 02058
Blank 0.00006 0.1584 0.0005
Blank 0.00005 0.1558 0.0009
Blank 0.00002 -0.0035 •0.0001
Comp 0.09896 0.9886 02011
T107 0.01208 12.17 0.0150
T117 0.00496 21.87 0.0020
5-1 -0.00013 31.77 -0.0001
5-2 -0.00041 32.49 -0.0001
5-3 -0.00051 31.64 -0.0006
5-4 -0.00053 30.22 •0.0005
5-5 -0.00006 26.70 0.0002
5-6 0.01199 26.80 0.0162
5-7 -0.00017 28.63 -0.0006
5-8 -0.00031 23.71 •0.0006
5-9 -0.00012 18.10 -0.0004
5-10 -0.00019 14.85 -0.0010
5-11 -0.00174 36.63 0.0003
FB 0.00001 0.0964 0.0000
Blank 0.00000 0.0021 •0.0008
T107 0.01184 1221 0.0148
T117 0.00491 22.07 0.0026
Comp 0.09818 0.9857 0.1998
12-1 0.00000 32.08 -0.0006
12-2 -0.00009 31.63 -0.0006
12-3 -0.00002 30.18 -0.0003
12-4 -0.00002 30.19 •0.0014
12-5 -0.00003 27.01 0.0004
12-6 0.01173 26.81 0.0160
12-7 0.00001 29.07 -0.0005
113
Co Cr Cu Fe
•0.0004 0.0001 -0.0006 0.0016
02015 0.4984 0.1978 0.9708
02004 0.4997 0.1989 0.9705
•0.0015 -0.0002 -0.0001 0.0016
0.0115 0.0145 0.0289 0.0504
0.0048 0.0111 0.0051 0.4761
0.0369 -0.0006 -0.0030 10.16
0.0315 •0.0018 •0.0018 8.188
0.0300 0.0005 -0.0019 7.900
0.0319 •0.0009 -0.0014 8.420
0.0294 -0.0006 -0.0001 8.137
0.0772 -0.3208 0.1103 8.044
0.0269 -0.0007 -0.0026 7.024
0.0237 -0.0006 -0.0009 6.230
0.0184 -0.0012 -0.0016 5.163
0.0082 0.0015 -0.0007 2.728
-0.0019 •0.0003 -0.0007 0.0058
0.0107 0.0134 0.0271 0.0516
0.0029 0.0110 0.0051 0.4661
0.1954 0.4924 0.1880 0.9597
-0.0005 -0.0004 -0.0004 0.0049
-0.0022 -0.0002 -0.0009 0.0046
0.0005 -0.0002 -0.0007 •0.0012
02011 0.4956 0.1991 0.9785
0.0134 0.0144 0.0295 0.0439
0.0051 0.0105 0.0051 0.4718
0.0274 •0.0016 •0.0004 0.4541
0.0256 •0.0006 -0.0008 2.532
0.0249 •0.0003 -0.0021 3.617
0.0311 -0.0004 -0.0010 3.683
0.0256 0.0002 -0.0005 0.5589
0.0636 -02019 0.1049 0.0321
0.0171 •0.0003 -0.0008 0.8098
0.0108 0.0006 •0.0004 2219
0.0088 0.0011 0.0000 1360
0.0119 0.0025 0.0001 1.639
0.0414 -0.0013 -0.0040 1320
0.0011 0.0002 -0.0005 0.00 II
-0.0003 0.0005 -0.0006 -0.0005
0.0121 0.0139 0.0281 0.0439
0.0035 0.0113 0.0051 0.4687
02002 0.4934 0.1975 0.9777
0.0235 •0.0003 -0.0005 -0.0151
0.0224 -0.0002 -0.0003 0.6585
0.0206 0.0001 0.0001 0.2980
0.0232 -0.0010 -0.0001 0.0204
0.0228 0.0002 0.0003 0.0329
0.0569 -0.3059 0.1053 0.0096
0.0088 -0.0001 -0.0003 -0.0140
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Sample
No. Hg K Li
Blank -0.0031 0.0686 -0.0013
Comp 0.1962 2.013 0.4831
Comp 0.1949 1.901 0.4860
Blank -0.0047 -0.292 -0.0008
T107 -0.0276 0.8878 0.1900
T117 -0.0452 2.192 0.0194
0-1 -0.0620 16.20 0.0048
0-2 -0.0559 24.46 0.0040
0-3 -0.0534 28.53 0.0046
0-4 -0.0580 28.92 0.0045
0-5 -0.0587 36.59 0.0041
0-6 •0.1016 30.10 0.0012
0-7 -0.0593 30.28 0.0044
0-8 -0.0608 48.23 0.0054
0-9 -0.0490 76.16 0.0074
0-10 -0.0445 174.5 0.0172
Blank -0.0073 -0.0052 -0.0015
T107 -0.0310 0.7815 0.1899
Tl 17 -0.0406 2.147 0.0189
Comp 0.1877 1.796 0.4724
Blank -0.0091 0.0488 -0.0011
Blank •0.0114 -0.0702 -0.0015
Blank •0.0021 0.1115 0.0006
Comp 0.1941 2.192 0.4915
T107 -0.0274 0.9168 0.2030
T117 -0.0380 2.243 0.0217
5-1 -0.0601 24.87 0.0059
5-2 -0.0556 24.99 0.0062
5-3 -0.0575 29.17 0.0054
5-4 -0.0577 31.03 0.0058
5-5 -0.0482 43.07 0.0055
5-6 -0.0968 33.34 0.0031
5-7 -0.0569 30.98 0.0065
5-8 -0.0490 64.72 0.0091
5-9 -0.0443 97.51 0.0110
5-10 -0.0345 168.3 0.0177
5-11 -0.0680 0.8847 0.0060
FB -0.0119 0.1337 0.0001
Blank -0.0086 0.0176 0.0001
T107 -0.0363 0.9522 0.1844
Tl 17 -0.0476 2.201 0.0201
Comp 0.1865 2.175 0.4859
12-1 -0.0601 24.23 0.0031
12-2 -0.0651 25.17 0.0059
12-3 •0.0615 30.44 0.0059
12-4 -0.0641 33.55 0.0058
12-5 -0.0513 49.10 0.0063
12-6 -0.0974 35.74 0.0029
12-7 -0.0620 32.83 0.0066
Mg Mn Mo Na
-0.0029 -0.0001 0.0012 -0.0281
0.9799 03027 1.014 0.9931
0.9857 03023 1.010 0.9502
-0.0077 0.0001 0.0000 •0.0094
2.114 0.0505 0.0166 21.67
1038 03362 0.0121 20.71
4.010 0.1606 0.0185 16.16
3.854 0.1386 0.0205 19.53
3.866 0.1330 0.0174 1931
3.965 0.1389 0.0159 20.17
4.071 0.1342 0.0092 18.40
4.938 0.1970 200.8 130.4
3.876 0.1274 0.0947 21.17
3.983 0.1230 0.0292 24.89
4.477 0.1138 0.0237 31.10
10.87 0.0969 0.0155 49.54
-0.0292 0.0000 0.0080 -0.0455
2.099 0.0493 0.0161 20.75
10.12 03310 0.0125 20.14
0.9252 0.1992 0.9895 0.8493
-0.0019 0.0005 0.0024 0.5870
0.0182 0.0004 0.0022 0.5472
0.0164 0.0002 -0.0007 0.0002
0.9799 03000 1.004 1.037
2.147 0.0489 0.0156 22.47
1038 03289 0.0117 20.87
3.843 0.0926 0.0192 19.81
3.863 0.08% 0.0185 19.42
3.789 0.0888 0.0080 18.59
3.921 0.1195 0.0053 19.43
4.020 0.0999 -0.0005 18.65
4.862 0.1203 191.3 119.6
4.104 0.0872 0.0531 20.93
5.819 0.0889 0.0280 3035
6.759 0.0700 0.0209 38.61
8.517 0.0777 0.0145 50.31
3.784 0.1704 0.0203 3.535
0.0283 0.0006 0.0081 0.7520
-0.0042 0.0002 0.0008 -0.0180
2.050 0.0487 0.0160 20.75
10.00 03275 0.0116 19.94
0.9609 0.1993 0.9970 0.9959
3.811 0.0791 0.0217 19.33
3.790 0.0759 0.0189 19.47
3.836 0.0690 0.0105 18.85
4.042 0.0876 0.0054 19.64
4380 0.0935 0.0027 19.90
4.690 0.1160 190.4 119.6
4341 0.0559 0.0517 22.14
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Sample
No. Ni P Pb
Blank 0.0008 0.0050 0.0034
Comp 0.2017 0.9649 0.9966
Comp 0.2019 0.%34 0.9892
Blank 0.0024 •0.0194 -0.0003
T107 0.0291 -0.00% 0.0229
T117 0.0085 0.2147 0.0081
0-1 0.2027 6.931 0.0047
0-2 0.1859 10.27 0.0051
0-3 0.1793 11.23 0.0090
0-4 0.1799 10.75 -0.0014
0-5 0.1684 12.56 -0.0006
0-6 0.1395 11 JO -0.0058
0-7 0.1516 10.03 •0.0022
0-8 0.1342 10.90 -0.0021
0-9 0.1111 12.54 -0.0043
0-10 0.0546 20.88 0.0035
Blank 0.0009 -0.0344 0.0061
T107 0.0300 -0.0359 0.0232
T117 0.0100 0.1873 •0.0002
Comp 0.1998 0.9357 0.9746
Blank •0.0003 -0.0275 0.0067
Blank 0.0005 -0.0313 0.0012
Blank 0.0010 0.0006 -0.0101
Comp 0.1977 0.9714 1.004
T107 0.0276 •0.0014 0.0277
T117 0.0077 0.1738 0.0007
5-1 0.1659 3.709 -0.0071
5-2 0.1639 6.132 -0.0008
5-3 0.1614 7.692 -0.0039
5-4 0.1709 6.215 -0.0033
5-5 0.1475 7.401 -0.0015
5-6 0.0871 4.207 -0.0102
5-7 0.07% 5.107 -0.0012
5-8 0.0561 9.856 -0.0058
5-9 0.0598 12.70 0.0034
5-10 0.0757 17.85 -0.0152
5-11 0.2183 -0.0262 0.0046
FB -0.0009 -0.0050 0.0041
Blank 0.0001 -0.0273 -0.0043
T107 0.0280 -0.0295 0.0253
Til 7 0.0077 0.1738 0.0007
Comp 0.1980 0.9356 1.001
12-1 0.1606 2.634 0.0019
12-2 0.1526 4.458 -0.0014
12-3 0.1377 5.005 0.0013
12-4 0.1511 3.707 -0.0058
12-5 0.1393 7.127 0.0034
12-6 0.0813 4.053 -0.0181
12-7 0.0400 4.016 -0.0059
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Sb Se Si Sn
0.0085 -0.0006 0.0041 -0.0027
0.4951 0.5066 0.9786 0.4077
0.4833 0.5101 0.9911 0.3987
0.0006 •0.0028 -0.0072 -0.0041
0.0056 0.0157 3.978 -0.0086
0.0115 0.0135 6.008 -0.0082
•0.0615 0.0095 2.218 -0.0285
-0.0371 0.0084 2.134 -0.0279
-0.0462 0.0263 2.130 •0.0260
-0.0593 0.0358 2.101 -0.0243
-0.0522 0.0140 2.037 -0.0267
-0.1081 0.0452 5.774 -0.1213
-0.0439 0.0319 2.058 -0.0261
-0.0326 0.0419 2.054 -0.0287
-0.0337 0.0252 2.085 -0.0305
-0.0224 0.0229 3.414 -0.0338
-0.0022 0.0560 -0.0161 -0.0087
0.00% 0.0627 3.970 -0.0099
0.0020 0.0587 5.874 -0.0056
0.4685 0.5517 0.9481 0.3856
-0.0021 0.0157 -0.0042 •0.0044
-0.0073 0.0135 0.0017 -0.0019
0.0121 0.0243 -0.0031 0.0025
0.5187 0.5102 0.9796 0.3991
0.0113 0.0266 4.038 -0.0036
0.0075 0.0611 6.057 -0.0024
0.0231 0.0144 2.800 -0.0195
-0.0039 0.0537 2.660 -0.0224
0.0048 0.0333 2.692 -0.0187
-0.0073 0.0413 2.714 -0.0205
0.0236 0.0294 2.479 -0.0184
0.0340 0.0435 6.194 -0.1083
0.0269 0.0453 2.420 -0.0201
-0.0009 0.0617 2.480 -0.0245
0.0056 0.0436 2.507 -0.0258
0.0203 0.0323 2.707 -0.0239
-0.1124 0.0702 1.889 -0.0203
0.0095 0.0385 0.0211 -0.0012
0.0165 0.06% -0.0049 -0.0041
-0.0002 0.0725 3.948 -0.0060
0.0075 0.0611 5.928 -0.0039
0.5100 0.5856 0.9709 0.3991
0.0348 0.0645 3.209 -0.0251
0.0129 0.0815 2.867 -0.0205
0.0130 0.0871 2.993 -0.0256
0.0366 0.0894 3.064 -0.0248
0.0229 0.0928 2.762 -0.0191
0.06% 0.1228 6.553 -0.1080
0.0364 0.1132 2.735 -0.0205
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Sample
No. Sr Tl V Zn
Blank 0.0002 -0.0120 -0.0001 -0.0006
Comp 0.1008 0.4747 02033 0.4641
Comp 0.1024 0.4699 02027 0.4646
Blank -0.0008 -0.0095 -0.0005 -0.0008
T107 0.0617 -0.0076 0.0167 0.0766
T117 0.2865 -0.0124 0.0070 0.1733
0-1 0.1131 -0.0113 0.0027 0.4747
0-2 0.1010 0.0040 0.0028 0.1581
0-3 0.0992 -0.0100 0.0033 0.0855
0-4 0.1038 -0.0025 0.0019 0.1461
0-5 0.0983 -0.0087 0.0027 02137
0-6 0.0169 0.2682 •0.0639 0.1938
0-7 0.0940 -0.0108 0.0022 0.0681
0-8 0.0896 -0.0090 0.0023 0.0731
0-9 0.0829 -0.0122 0.0026 0.0695
0-10 0.0620 -0.0111 0.0038 0.1555
Blank •0.0013 0.0022 -0.0008 -0.0012
TI07 0.0603 -0.0068 0.0171 0.0820
Tl 17 0.2801 -0.0112 0.0063 0.1687
Comp 0.0991 0.4825 0.1954 0.4548
Blank -0.0022 -0.0063 0.0005 0.0104
Blank -0.0020 -0.0015 0.0010 0.0010
Blank -0.0044 0.0064 -0.0002 0.0000
Comp 0.0995 0.4784 02053 0.4643
T107 0.0557 0.0088 0.0158 0.0838
T117 0.2726 -0.0106 0.0073 0.1704
5-1 0.0609 0.0052 0.0025 0.0586
5-2 0.0723 -0.0044 0.0022 0.0470
5-3 0.0791 0.0033 0.0037 0.0712
5-4 0.0635 0.0020 0.0036 0.1011
5-5 0.0534 0.0109 0.0035 0.1149
5-6 -0.0276 0.2723 -0.0614 0.0329
5-7 0.0563 -0.0019 0.0032 0.0360
5-8 0.0606 0.0001 0.0034 0.0233
5-9 0.0476 0.0083 0.0034 0.0444
5-10 0.0491 0.0063 0.0065 0.1808
5-11 0.1078 0.0011 0.0037 0.9656
FB -0.0032 0.0081 0.0000 0.0025
Blank 0.0023 0.0079 0.0004 0.0002
TI07 0.0548 0.0059 0.0179 0.0822
T117 02750 0.0015 0.0071 0.1690
Comp 0.0933 0.4958 02053 0.4603
12-1 0.0533 0.0102 0.0023 0.0468
12-2 0.0589 0.0070 0.0020 0.0288
12-3 0.0556 0.0053 0.0027 0.0240
12-4 0.0492 0.0084 0.0021 0.0879
12-5 0.0526 0.0062 0.0020 0.1467
12-6 -0.0323 0.2313 -0.0618 0.0458
12-7 0.0535 0.0031 0.0020 0.0156
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Date of Date Sample
Sampling Analyzed No. Ag
20 Nov 96 26 Nov 96 12-8 -0.0007
20 Nov 96 26 Nov 96 12-9 -0.0003
20 Nov 96 26 Nov 96 12-10 -0.0020
20 Nov 96 26 Nov 96 12-11 •0.0056
26 Nov 96 Blank -0.0009
26 Nov 96 T107 0.0102
26 Nov % Tl 17 -0.0012
26 Nov 96 Comp 0.0486
18 Dec 96 T117 0.0012
18 Dec 96 T107 0.0055
18 Dec 96 Blank 0.0028
29 Nov 96 18 Dec 96 21-1 0.0001
29 Nov 96 18 Dec 96 21-2(1:11) -0.0007
29 Nov 96 18 Dec 96 21-3® -0.0010
29 Nov 96 18 Dec 96 21-4 -0.0008
29 Nov 96 18 Dec 96 21-5 0.0003
29 Nov 96 18 Dec 96 21-6 -0.0419
29 Nov 96 18 Dec 96 21-7 0.0004
29 Nov 96 18 Dec 96 21-8 -0.0007
18 Dec 96 Comp 0.0507
18 Dec 96 T117 0.0012
29 Nov 96 18 Dec 96 21-9 -0.0003
29 Nov % 18 Dec 96 21-10® -0.0010
29 Nov 96 18 Dec 96 21-3® 0.0000
29 Nov 96 18 Dec 96 21-11 •0.0032
29 Nov 96 18 Dec 96 FB 0.0020
9 Dec 96 18 Dec 96 31-1 -0.0015
9 Dec 96 18 Dec 96 31-2 -0.0010
29 Nov 96 18 Dec 96 21-10® -0.0014
18 Dec 96 T107 0.0039
18 Dec % T117 0.0007
18 Dec 96 Comp 0.0525
18 Dec 96 Blank 0.0018
9 Dec 96 18 Dec 96 31-3 -0.0014
9 Dec 96 18 Dec 96 31-4 -0.0012
9 Dec 96 18 Dec 96 31-5 -0.0010
9 Dec 96 18 Dec 96 31-6 -0.0435
9 Dec 96 18 Dec 96 31-7 -0.0010
9 Dec 96 18 Dec 96 31-8 -0.0001
9 Dec 96 18 Dec 96 31-9 0.0005
9 Dec 96 18 Dec 96 31-10® -0.0013
9 Dec 96 18 Dec 96 31-11 -0.0052
9 Dec 96 18 Dec 96 FB 0.0005
18 Dec 96 Comp 0.0507
9 Dec 96 18 Dec 96 31-3 neat -0.0077
9 Dec 96 18 Dec 96 31-10® -0.0001
9 Dec 96 18 Dec 96 31-10 neat •0.0026
18 Dec 96 T107 0.0032
13 Jan 97 Blank 0.0005
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Al As B Ba
-0.0029 03011 0.0447 0.0032
0.0042 0.5335 0.0758 0.0007
0.0657 0.7941 0.1430 0.0169
0.0013 02220 0.0134 0.0022
-0.0039 -0.0208 -0.0014 •0.0010
0.2303 -0.0027 0.1321 03054
0.0735 -0.0059 0.1421 0.0996
0.9779 0.9986 0.1907 0.1001
0.0822 •0.0048 0.1343 0.1077
0.2280 -0.0125 0.1182 03150
0.0041 -0.0187 -0.0135 0.0010
0.0059 0.3381 -0.0010 0.0017
0.0047 03319 0.0001 0.0012
0.0029 03420 0.0019 0.0006
0.0092 0.4979 0.0037 0.0013
0.0097 0.4395 0.0073 0.0015
0.4514 0.5713 0.0164 -0.1021
-0.0009 03336 0.0072 0.0012
0.0057 0.4309 0.0360 0.0018
0.9380 0.9946 0.1752 0.1053
0.0804 -0.0140 0.1301 0.1085
0.0111 0.0073 0.0679 0.0018
0.0936 0.0217 0.1286 0.0079
0.0072 03452 0.0018 0.0014
0.0085 0.3057 0.0014 0.0046
-0.0030 -0.0107 0.0019 0.0016
0.0062 03452 •0.0011 0.0009
-0.0012 03890 •0.0005 0.0004
0.0954 0.0211 0.1314 0.0072
0.0988 -0.0023 0.0418 0.0961
0.0849 -0.0096 0.1336 0.1089
0.9786 1.018 0.1817 0.1063
-0.0055 -0.0082 -0.0137 0.0008
0.0046 0.0023 0.0057 0.0019
0.0066 0.4888 0.0029 0.0011
0.0004 0.4323 0.0079 0.0009
0.5522 0.5707 0.0102 -0.0963
0.0019 03342 0.0069 0.0013
0.0063 0.0301 0.0322 0.0010
0.0181 0.0036 0.0600 0.0030
0.0706 0.0014 0.1242 0.0077
0.0145 03942 0.0017 0.0039
0.0029 -0.0094 -0.0032 0.0007
0.9417 1.003 0.1750 0.1057
0.0390 0.1251 0.1662 0.0165
0.0648 -0.0021 0.1214 0.0076
0.6443 0.0747 1353 0.0703
0.2224 -0.0064 0.1171 03157
0.0041 0.0216 -0.0013 0.0008
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Sample
No. Be Ca Cd
12-8 -0.00006 21.00 -0.0006
12-9 -0.00023 17.09 -0.0002
12-10 -0.00039 16.21 -0.0004
12-11 -0.00249 36.76 •0.0008
Blank 0.00001 -0.0020 -0.0008
T107 0.01188 12.12 0.0152
Tl 17 0.00489 21.70 0.0010
Comp 0.09654 0.9964 0.2018
Tl 17 0.00480 22.72 0.0023
T107 0.01158 12.57 0.0163
Blank 0.00004 -0.0012 0.0008
21-1 0.00004 32.51 0.0010
21-2(1:11) 0.00002 31.10 0.0008
21-3® •0.00011 31.14 0.0006
21-4 0.00002 30.75 0.0007
21-5 0.00002 28.55 0.0023
21-6 0.01131 28.21 0.0184
21-7 0.00000 30.72 0.0005
21-8 -0.00024 22.85 0.0004
Comp 0.09340 1.037 0.2101
TU7 0.00480 22.77 0.0034
21-9 •0.00023 22.55 0.0008
21-10® -0.00049 22.70 0.0009
21-3® -0.00008 31.04 0.0009
21-11 -0.00255 39.25 0.0011
FB 0.00002 0.1007 0.0011
31-1 -0.00003 31.68 -0.0009
31-2 -0.00015 30.14 0.0005
21-10® -0.00057 23.16 0.0008
T107 0.00521 5.711 0.0079
T117 0.00483 22.84 0.0036
Comp 0.09588 1.030 0.20998
Blank 0.00006 0.0004 0.0012
31-3 -0.00029 33.80 0.0003
31-4 0.00008 30.00 0.0013
31-5 0.00002 27.41 0.0010
31-6 0.01212 27.40 0.0186
31-7 0.00006 30.83 0.0003
31-8 -0.00012 25.56 0.0003
31-9 0.00006 25.18 0.0016
31-10® 0.00000 29.75 0.0006
31-11 -0.00303 38.63 0.0003
FB -0.00001 0.0968 -0.0002
Comp 0.09290 1.041 0.2105
31-3 neat -0.00288 301.5 0.0006
31-10® -0.00002 29.59 0.0003
31-10 neat -0.00050 262.3 0.0016
T107 0.01143 12.59 0.0168
Blank 0.00002 0.0053 0.0013
Co Cr Cu Fe
0.0058 0.0008 -0.0008 0.4329
0.0067 0.0006 0.0002 1.544
0.0104 0.0024 0.0011 2.666
0.0432 0.0001 -0.0031 13.26
0.0006 0.0005 -0.0002 -0.0017
0.0128 0.0137 0.0285 0.0456
0.0048 0.0108 0.0046 0.4605
0.1982 0.4987 0.1937 0.9834
0.0032 0.0124 0.0056 0.4782
0.0118 0.0157 0.0281 0.0521
-0.0006 0.0008 -0.0023 0.0000
0.0201 0.0006 -0.0006 -0.0100
0.0178 0.0007 -0.0002 -0.0093
0.0184 0.0023 0.0007 0.6241
0.0196 0.0004 0.0039 0.0227
0.0222 0.0012 0.0004 02204
0.0522 -0.3134 0.1046 0.0427
0.0054 0.0015 0.0005 •0.0138
0.0044 0.0019 0.0008 1272
0.1978 0.4988 0.1843 0.9857
0.0035 0.0131 0.0058 0.4786
0.0025 0.0031 0.0004 0.9077
0.0069 0.0043 0.0000 2.668
0.0175 0.0009 0.0009 0.6293
0.0427 0.0003 -0.0026 13.68
-0.0006 0.0015 0.0011 0.0061
0.0192 0.0011 -0.0001 -0.0187
0.0172 -0.0001 0.0001 0.4923
0.0082 0.0048 0.0010 2.712
0.0029 0.0078 0.0110 0.0263
0.0031 0.0144 0.0057 0.4790
0.2020 0.5069 0.1948 0.9929
-0.0012 0.0013 -0.0006 -0.0006
-0.0003 0.0008 -0.0003 1.438
0.0207 0.0010 0.0006 -0.0017
0.0203 0.0020 0.0001 0.1181
0.0689 •0.2805 0.1043 0.0092
0.0054 0.0014 0.0009 -0.0150
0.0013 0.0015 •0.0001 0.7919
0.0004 0.0026 0.0005 0.0545
0.0031 0.0030 0.0010 0.3549
0.0282 0.0007 -0.0032 14.41
0.0005 0.0017 -0.0007 -0.0010
0.1999 0.5033 0.1863 0.9823
0.0040 0.0097 -0.0030 13.83
0.0024 0.0044 0.0008 0.3513
0.0317 0.0245 0.0176 3291
0.0124 0.0144 0.0273 0.0472
-0.0014 -0.0002 -0.0018 0.0077
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Sample
No. Ni P Pb
12-8 0.0335 7.524 -0.0165
12-9 0.0488 12.90 -0.0119
12-10 0.0544 20.10 0.0008
12-11 0.2136 -0.0516 •0.0078
Blank 0.0000 -0.0485 0.0104
T107 0.0273 -0.0537 0.0222
T117 0.0101 0.1546 -0.0001
Comp 0.2021 0.9139 1.003
TU7 0.0069 0.2089 •0.0111
T107 0.0252 0.0255 0.0063
Blank -0.0030 0.0160 -0.0077
21-1 0.1498 2.466 •0.0046
21-2(1:11) 0.1386 3.193 •0.0189
21-3® 0.1190 4.969 -0.0169
21-4 0.1492 3.669 -0.0089
21-5 0.1411 7.435 -0.0179
21-6 0.0691 4.174 •0.0156
21-7 0.0286 3.830 -0.0126
21-8 0.0288 7.673 •0.0098
Comp 0.1981 0.9979 0.9804
Tl 17 0.0097 0.2432 -0.0149
21-9 0.0231 12.60 -0.0086
21-10® 0.0413 21.44 -0.0173
21-3® 0.1204 4.959 -0.0092
21-11 0.2192 0.0240 -0.0181
FB -0.0029 0.0466 -0.0255
31-1 0.1403 2341 -0.0138
31-2 0.1319 3376 -0.0070
21-10® 0.0415 22.08 -0.0101
T107 0.0097 0.0456 0.0017
Tl 17 0.0071 03447 -0.0111
Comp 0.2009 1.023 0.9697
Blank -0.0026 0.0418 -0.0198
31-3 0.0039 8.694 -0.0171
31-4 0.1360 3.436 •0.0129
31-5 0.1154 6.891 -0.0227
31-6 0.0574 4.116 -0.0205
31-7 0.0249 3.770 -0.0143
31-8 0.0123 7370 -0.0221
31-9 0.0203 12.72 -0.0124
31-10® 0.0272 19.76 -0.0154
31-11 0.0861 0.0866 •0.0110
FB -0.0031 0.0537 -0.0218
Comp 0.2026 1.040 0.9702
31-3 neat 0.0363 8739 -0.0021
31-10® 0.0262 19.39 -0.0174
31-10 neat 0.2531 1873 -0.0234
T107 0.0277 0.0728 0.0127
Blank -0.0006 -0.0099 -0.0083
120
Sb Se Si Sn
0.0243 0.1065 2.685 -0.0245
0.0104 0.1019 3.009 -0.0299
-0.0190 0.1194 3.379 -0.0235
-0.1048 0.1319 1.835 -0.0207
0.0137 0.1160 -0.0075 -0.0029
0.0218 0.1246 3.995 -0.0061
0.0034 0.1206 5.798 -0.0062
0.4948 0.6174 0.9788 0.3944
-0.0074 0.0142 6.067 -0.0173
0.0097 0.0217 3.987 -0.0225
-0.0031 0.0083 -0.0145 -0.0179
0.0207 0.0147 3.464 -0.0401
0.0075 0.0047 3.061 -0.0399
-0.0035 0.0147 3237 -0.0391
0.0056 •0.0011 3.284 -0.0327
0.0128 0.0012 3.029 -0.0350
-0.1375 0.0294 7.031 -0.1258
0.0172 0.0171 2.921 -0.0310
-0.0052 0.0306 2.977 -0.0335
0.4737 0.4970 0.9666 3.919
0.0051 0.0165 5.926 -0.0199
•0.0104 0.0149 3237 •0.0361
-0.0201 0.0077 3.777 -0.0479
-0.0079 0.0165 3.232 -0.0373
-0.1268 0.0241 1.927 -0.0425
0.0031 0.0030 0.0233 -0.0205
0.0388 0.0206 3.441 -0.0333
0.0094 0.0218 3.025 •0.0369
-0.0165 0.0206 3.820 •0.0483
0.0088 0.0177 1.728 -0.0213
-0.0035 0.0071 6.113 -0.0236
0.4863 0.5322 0.9940 03886
-0.0021 0.0171 -0.0133 -0.0237
-0.0094 0.0253 3.550 -0.0383
0.0122 0.0329 3.282 •0.0398
0.0154 0.0241 3.008 -0.0371
-0.1938 0.0487 6.715 -0.1269
0.0244 0.0277 3.041 -0.0446
•0.0069 0.0306 3.081 -0.0369
0.0106 -0.0022 3.589 -0.0552
0.0038 0.0148 4.117 -0.0494
-0.1262 0.0347 1.894 -0.0426
0.0025 0.0048 0.0135 -0.0213
0.4689 0.5163 0.9852 0.3792
-0.1375 •0.0039 36.85 -0.1946
-0.0014 0.0165 4.042 -0.0499
-0.0600 -0.0596 41.04 -03045
0.0299 0.0435 3.967 -0.0315
-0.0101 0.0026 0.0066 0.0050
























































































































































with permission of the copyright owner. Further reproduction prohibited without permission.
Date of Date Sample
Sampling Analyzed No. Ag
13 Jan 97 Comp 0.0507
13 Jan 97 T107 0.0045
13 Jan 97 T117 -0.0008
13 Jan 97 Blank 0.0009
7 Jan 97 13 Jan 97 60-1 -0.0016
7 Jan 97 13 Jan 97 60-2 -0.0013
7 Jan 97 12 Jan 97 60-3 -0.0019
7 Jan 97 12 Jan 97 60-4 •0.0049
7 Jan 97 12 Jan 97 60-5 •0.0044
7 Jan 97 12 Jan 97 60-6 -0.0474
7 Jan 97 12 Jan 97 60-7 0 -0.0017
7 Jan 97 12 Jan 97 60-8 •0.0012
7 Jan 97 12 Jan 97 60-9 •0.0016
7 Jan 97 12 Jan 97 60-10 -0.0003
7 Jan 97 12 Jan 97 60-11 -0.0058
7 Jan 97 12 Jan 97 FB 0.0000
12 Jan 97 Comp 0.0520
12 Jan 97 T117 0.0000
12 Jan 97 T107 0.0040
7 Jan 97 12 Jan 97 60-7 0 •0.0014
7 Jan 97 12 Jan 97 60-9 neat -0.0036
7 Jan 97 12 Jan 97 60-8 neat -0.0047
7 Jan 97 12 Jan 97 60-10 neat -0.0031
7 Jan 97 12 Jan 97 60-2 neat -0.0050
7 Jan 97 12 Jan 97 60-4 neat -0.0209
17 Jan 97 Blank 0.0001
17 Jan 97 Comp 0.0516
17 Jan 97 T107 0.0028
17 Jan 97 T117 -0.0004
6 Jan 97 17 Jan 97 60-1 -0.0014
6 Jan 97 17 Jan 97 60-2 •0.0012
6 Jan 97 17 Jan 97 60-3 •0.0002
6 Jan 97 17 Jan 97 60-4 -0.0007
6 Jan 97 17 Jan 97 60-5 -0.0018
6 Jan 97 17 Jan 97 60-4 neat -0.0068
6 Jan 97 17 Jan 97 60-6 -0.0490
6 Jan 97 17 Jan 97 60-7neat -0.0041
6 Jan 97 17 Jan 97 60-8 neat -0.0021
6 Jan 97 17 Jan 97 60-9 neat -0.0006
6 Jan 97 17 Jan 97 60-10 neat -0.0011
6 Jan 97 17 Jan 97 60-11 neat •0.0148
17 Jan 97 Blank 0.0008
17 Jan 97 Comp 0.0515
17 Jan 97 T107 0.0047
17 Jan 97 Blank 0.0014
23 Apr 97 Blank •0.0001
23 Apr97 Comp 0.0969
17 Apr 97 23 Apr 97 B7-1 -0.0074
17 Apr 97 23 Apr 97 B7-1CI -0.0069
122
Al As B Ba
1.006 1.027 0.1894 0.1042
0.2318 0.0172 0.1166 0.2189
0.0837 0.0166 0.1298 0.1071
0.0019 0.0095 •0.0080 0.0013
0.0043 0.4171 -0.0084 0.0010
0.0032 0.0748 -0.0079 0.0015
0.0041 0.1556 0.0026 0.0059
0.0279 0.0352 •0.0021 0.0018
0.04983 0.3996 0.0036 0.0033
0.5019 0.6143 0.0023 -0.1045
0.0009 0.2724 -0.0057 •0.0001
0.0127 0.0340 0.0317 0.0017
0.0217 0.0098 0.0542 0.0051
0.0514 0.0182 0.1057 0.0048
0.0103 0.4967 •0.0141 0.0035
0.0001 0.0072 0.0022 0.0016
1.005 1.031 0.1679 0.1039
0.0903 0.0085 0.1156 0.1078
0.2399 0.0208 0.1006 0.2156
0.0021 02616 -0.0126 0.0009
0.1359 0.1461 0.6368 0.0167
0.0701 0.2949 0.3999 0.0109
0.4472 0.2173 1.099 0.0435
0.0569 0.7106 0.0887 0.0082
0.2702 0.4800 0.1554 0.0164
0.0088 0.0018 -0.0076 0.0000
1.019 1.057 0.1916 0.1049
0.2420 0.0066 0.1255 0.2177
0.0884 0.0144 0.1393 0.1082
0.0050 0.4274 -0.0008 -0.0003
0.0103 0.0911 -0.0007 •0.0006
0.0091 0.3460 0.0007 0.0009
0.0198 0.0150 0.0033 -0.0004
0.0114 0.3355 0.0082 -0.0008
0.0596 0.2835 0.1523 0.0007
0.5007 0.6723 -0.1054 0.01339
0.0645 2.781 0.1922 0.0022
0.0487 221% 0.4245 0.0016
0.0570 5.469 0.6506 0.0016
0.1114 4.806 1.078 0.0018
-0.0019 -0.0128 0.1035 0.0200
0.0137 0.0049 -0.0095 0.0008
0.9953 1.086 0.1860 0.1083
0.2420 0.0110 0.1218 0.2259
0.0053 -0.0027 -0.0110 0.0007
-0.0003 •0.0100 0.0002 -0.0007
1.929 2.030 0.3839 0.2011
22.53 -0.0016 0.0142 0.0197
21.78 -0.0001 0.0183 0.0188
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Sample
No. Hg K Li
Comp 0.2000 1.686 0.4757
T107 -0.0268 0.5879 0.1862
T117 -0.0541 1.946 0.0197
Blank -0.0010 -03078 -0.0003
60-1 -0.0687 24.47 0.0057
60-2 -0.0568 25.88 0.0052
60-3 -0.0436 3239 0.0048
60-4 -0.0703 36.77 0.0057
60-5 -0.0641 56.70 0.0054
60-6 •0.0983 39.32 0.0025
60-7® •0.0600 33.07 0.0059
60-8 -0.0531 65.69 0.0093
60-9 -0.0539 1023 0.0124
60-10 -0.0640 1743 0.0200
60-11 -0.0846 0.6746 0.0046
FB -0.0043 -03612 -0.0006
Comp 0.1985 1.799 0.4997
T117 -0.0536 1.952 0.0206
T107 -0.0290 0.5936 0.1943
60-7® -0.0627 31.96 0.0053
60-9 neat -03757 1088 0.1054
60-8 neat -0.4061 7113 0.0740
60-10 neat -0.4801 1818 0.1567
60-2 neat -0.4232 214.8 0.0478
60-4 neat -0.4430 300.6 0.0481
Blank 0.0023 -0.0351 0.0000
Comp 03039 1.960 0.4993
TI07 -0.0204 0.8349 0.1939
Til 7 -0.0461 2.112 0.0207
60-1 -0.0630 24.48 0.0055
60-2 -0.0558 24.97 0.0048
60-3 -0.0351 31.15 0.0052
60-4 -0.0630 33.75 0.0047
60-5 •0.0626 50.48 - 0.0050
60-4 neat -0.3808 299.3 0.0482
60-6 -0.0962 3632 0.0026
60-7neat -0.3701 277.6 0.0539
60-8 neat -0.2995 715.3 0.0765
60-9 neat •0.2001 1050 0.1005
60-10 neat -03717 1682 0.1518
60-11 neat 0.0029 6.816 0.0527
Blank 0.0009 -03331 0.0000
Comp 0.2112 1.566 0.4354
TI07 -0.0229 0.5409 0.1733
Blank 0.0046 -0.1762 0.0001
Blank 0.0063 -0.0364 -0.0005
Comp 0.4062 3.661 0.9392
B7-1 0.0007 1.926 0.0283
B7-1C1 -0.0051 1.849 0.0271
B7-2 -0.0011 1.886 0.0271
Mg Mn Mo Na
0.9696 03024 1.011 0.8979
2.084 0.0493 0.0148 19.89
1038 03320 0.0106 19.85
-0.0035 -0.0001 -0.0007 -0.0398
3.914 0.0638 0.0221 1931
3.458 0.0103 -0.0011 18.93
3.804 0.0722 -0.0014 1836
4.388 0.1523 -0.0013 18.09
4.782 0.1786 -0.0011 18.58
4.936 0.1212 197.7 129.4
4.346 0.0366 0.0470 22.12
5.786 0.0165 0.0145 2934
7.137 0.0148 0.0031 3930
11.92 0.0400 -0.0002 50.07
4.138 0.1910 0.0072 3.588
0.0530 -0.0001 0.0033 4.595
0.9427 0.2016 1.009 0.9240
1035 03343 0.0128 20.02
2.118 0.0488 0.0141 2031
4311 0.0367 0.0230 20.84
65.58 0.1422 0.0092 380.9
52.71 0.1579 0.0038 297.0
109.1 0.3852 0.0104 489.4
31.03 0.0929 0.0085 181.1
3930 1390 0.0073 177.1
-0.0088 -0.0001 -0.0031 -0.0061
0.9794 03089 1.037 0.9908
2.133 0.0506 0.0113 21.72
10.37 03391 0.0083 20.69
3.938 0.0572 0.0275 19.55
3373 0.0027 0.0002 18.58
3.855 0.0172 0.0012 17.85
4361 0.1293 -0.0038 17.17
4.656 0.1691 -0.0029 17.06
4034 1.191 0.0019 181.4
5.496 0.1306 206.4 107.5
40.47 0.1206 03905 2213
52.39 0.0072 0.0154 302.8
59.56 0.0035 0.0257 373.9
94.76 0.0192 0.0224 453.6
39.52 1.787 -0.0080 34.44
-0.0052 -0.0005 -0.0049 -0.0449
0.9352 03092 1.044 0.8208
2.091 0.0510 0.0141 18.95
-0.0109 -0.0001 -0.0042 -0.0246
0.0002 -0.0003 0.0004 -0.0090
1.957 0.3877 1.966 1.812
46.80 20.34 0.0066 7343
4538 19.88 0.0074 7.056
45.55 19.81 0.0077 6.891
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Sample
No. Ni P Pb
Comp 0.1971 0.9827 0.9987
T107 0.0265 -0.0147 0.0219
TI17 0.071 02157 0.0091
Blank -0.0001 -0.0177 -0.0019
60-1 0.1399 2291 -0.0023
60-2 0.0006 4.585 -0.0014
60-3 0.0277 4.035 •0.0009
60-4 0.0232 8.816 0.0065
60-5 0.1799 14.00 0.0031
60-6 0.0515 4.159 0.0072
60-7® 0.0167 3.573 -0.0043
60-8 0.0073 7.844 -0.0031
60-9 0.0551 9.924 0.0002
60-10 0.0393 16.57 0.0059
60-11 0.0059 0.1157 -0.0034
FB -0.0023 -0.0151 -0.0033
Comp 0.1984 0.9769 0.9873
T117 0.0074 02063 0.0009
T107 0.0266 -0.0186 0.0248
60-7® 0.0168 3.574 •0.0031
60-9 neat 0.5257 9925 0.0105
60-8 neat 0.0669 77.97 0.0118
60-10 neat 0.3984 165.9 0.0136
60-2 neat 0.0277 44.34 0.0135
60-4 neat 0.2247 8331 0.0203
Blank -0.0035 -0.0124 -0.0057
Comp 02004 1.014 0.9%7
T107 0.0262 -0.0048 0.0240
Tl 17 0.0049 0.2120 •0.0041
60-1 0.1368 2.1% -0.0054
60-2 0.0008 3.100 0.0018
60-3 0.0153 2.658 0.0013
60-4 0.0157 4.058 0.0002
60-5 0.1821 7.838 0.0107
60-4 neat 0.1680 39.78 0.0080
60-6 0.0488 4210 -0.0061
60-7neat 0.1472 25.09 0.0069
60-8 neat 0.0464 40.49 0.0057
60-9 neat 0.4778 3827 0.0070
60-10 neat 0.3613 75.65 -0.0006
60-11 neat 0.0725 -0.0327 0.0137
Blank -0.0023 0.0000 -0.0055
Comp 0.2071 1.015 1.025
T107 0.0273 -0.0068 0.0285
Blank -0.0009 -0.0052 -0.0021
Blank -0.0021 0.0029 -0.0107
Comp 0.4058 2.086 1.958
B7-1 0.1196 1.979 0.0033
B7-1C1 0.1197 1.853 -0.0019
B7-2 0.1183 1.945 0.0057
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Sb Se Si Sn
0.4846 0.5057 0.9868 0.4062
•0.0041 0.0133 4.072 -0.0030
•0.0102 •0.0019 6.034 -0.0038
0.0098 -0.0145 0.0064 -0.0002
0.0312 -0.0114 3.949 -0.0251
0.0027 -0.0120 3.587 -0.0224
-0.0045 0.0178 3.734 -0.0315
-0.0777 -0.0025 3.935 -0.0208
-0.0995 -0.0102 3.602 -0.0225
-0.1539 0.0190 7.100 -0.1138
0.0163 -0.0006 3.232 -0.0206
0.0019 -0.0019 3.669 •0.0188
•0.0062 -0.0012 4.092 -0.0153
0.0007 0.0064 4.914 -0.0112
-0.1405 0.0152 2.085 -0.0162
-0.0111 0.0095 -0.0057 •0.0014
0.4870 0.4%2 0.9771 0.4032
-0.0060 -0.0013 6.115 -0.0066
-0.0054 0.0089 4.051 -0.0071
0.0256 0.0102 3.243 -0.0224
-0.0192 -0.0932 41.39 -0.3945
-0.0215 -0.1116 37.18 -0.1873
-0.0201 -0.1541 50.04 -02947
-0.0197 -0.0672 3526 -0.1720
-0.6330 0.0017 39.12 -0.1782
0.0017 -0.0199 0.0112 0.0031
0.5041 0.5111 0.9986 0.4147
0.0149 0.0110 4.059 0.0026
0.0038 0.0021 6.100 0.0044
0.0301 -0.0227 3.9% -0.0169
-0.0088 •0.0200 3.588 -0.0185
0.0091 -0.0413 3.969 0.0016
-0.0022 -0.0234 3.938 -0.0103
-0.0025 -0.0372 3.534 -0.0112
-0.0032 -0.0332 40.22 -0.1706
•0.2630 -0.0042 7239 -0.1117
0.2461 -0.0379 34.33 -0.1801
0.0001 -0.0827 39.61 -0.1371
0.0482 -0.0620 43.76 -0.0751
0.0426 -0.1199 51.01 -0.0539
•0.4182 0.0075 12.61 -0.1851
-0.0088 •0.0268 0.0004 0.0040
0.4851 0.5042 0.9986 0.4181
0.0028 -0.0027 4.148 -0.0011
•0.0101 -0.0199 -0.0051 0.0023
-0.0098 0.0097 -0.0010 0.0000
1.003 1.007 1.843 0.8402
0.0215 0.0054 5.435 -0.0277
0.0306 -0.0097 5297 -0.0408
0.0213 0.0054 5.348 -0.0322
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Sample
No. Sr Tl V Zn S Ti
B7-2CI 0.1832 0.0135 •0.0181 41.26 211.7 0.0124
B7-3 0.1813 -0.0059 -0.0181 40.46 204.7 0.0143
B7-4 0.1663 -0.0021 -0.0155 42.59 220.3 0.0160
B7-4(l:20) 0.081S 000044 -0.0051 22.46 109.9 0.0124
B7-5(l:20) 0.0818 -0.0099 -0.0037 22.41 108.6 0.0128
B7-6(l:20) 0.0818 -0.0007 -0.0047 22.42 110.1 0.0127
B7-7(l:20) 0.0783 -0.0015 -0.0071 22.89 113.6 0.0150
150-1 0.0620 0.0140 •0.0081 0.0281 43.92 0.0018
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Date of Date Sample
Sampling Analyzed No. Ag
7 Apr 97 23 Apr97 150-1C1 0.0009
7 Apr 97 23 Apr 97 150-2 0.0006
7 Apr 97 23 Apr 97 150-2CI 0.0018
7 Apr 97 23 Apr 97 150-3 « 0.0035
7 Apr 97 23 Apr 97 150-3C1 ® 0.0008
7 Apr 97 23 Apr 97 150-4 0.0017
7 Apr 97 23 Apr 97 150-4C1 -0.0001
7 Apr 97 23 Apr 97 150-5 0.0024
7 Apr 97 23 Apr 97 150-5C1 0.0015
7 Apr 97 23 Apr 97 150-6 -0.0482
7 Apr 97 23 Apr 97 1S0-6CI -0.0457
7 Apr 97 23 Apr 97 150-7 0.0026
7 Apr 97 23 Apr 97 150-7C1 0.0023
7 Apr 97 23 Apr 97 150-8 0.0023
7 Apr 97 23 Apr 97 150-8C1 0.0005
7 Apr 97 23 Apr 97 150-9 0.0009
7 Apr 97 23 Apr 97 150-9C1 0.0003
7 Apr 97 23 Apr 97 150-10 0.0024
7 Apr 97 23 Apr 97 150-10C1 0.0025
7 Apr 97 23 Apr 97 150-11 0.0018
7 Apr 97 23 Apr 97 150-11C1 0.0023
7 Apr 97 23 Apr 97 FB 0.0015
7 Apr 97 23 Apr 97 FB Cl 0.0006
7 Apr 97 23 Apr97 150-3CI ® 0.0017
7 Apr 97 23 Apr 97 150-3® 0.0001
7 Apr 97 23 Apr 97 150-8 ® 0.0027
7 Apr 97 23 Apr97 150-9 ® 0.0019
17 Apr 97 23 Apr 97 B7-6(130) -0.0005
30 Apr 97 Comp 0.1058
30 Apr 97 T107 0.0100
7 Apr 97 30 Apr 97 150-1NA 0.0037
7 Apr 97 30 Apr 97 150-2NA 0.0042
7 Apr 97 30 Apr 97 150-4NA 0.0044
7 Apr 97 30 Apr 97 150-5NA 0.0025
7 Apr 97 30 Apr 97 150-6NA -0.0434
7 Apr 97 30 Apr 97 150-7NA 0.0030
30 Apr 97 Blank 0.0023
30 Apr 97 Comp 0.1029
11 Jun 97 T107 0.0054
11 Jun 97 Comp 0.0989
6 Jun 97 11 Jun 97 210-1 ®* 0.0212
6 Jun 97 11 Jun 97 210-2®* 0.0186
6 Jun 97 11 Jun 97 210-3* 0.0191
6 Jun 97 11 Jun 97 210-4* 0.0168
6 Jun 97 11 Jun 97 210-5* 0.0273
6 Jun 97 11 Jun 97 210-6* -0.3906
11 Jun 97 Comp 0.0980
6 Jun 97 11 Jun 97 210-7* 0.0165
6 Jun 97 11 Jun 97 210-2®* 0.0163
129
Al As B Ba
0.0109 0.4945 0.0124 -0.00002
0.0009 0.1380 0.0109 •0.0003
0.0125 0.1441 0.0120 0.0001
0.0260 0.0567 0.0141 0.0014
0.0098 0.0245 0.0163 0.0012
0.0131 0.0015 0.0189 0.0022
0.0069 0.0061 0.0189 0.0014
0.0251 0.0030 0.0249 0.0076
0.0312 •0.0062 0.0228 0.0073
-0.0026 0.9350 -0.0906 -0.0798
-0.0236 0.9687 -0.0901 -0.0822
0.0114 03081 0.0215 0.0008
0.0049 03943 0.0218 0.0007
0.0033 0.0527 0.0509 0.0012
0.0058 0.0573 0.0521 0.0004
0.0123 •0.0002 0.0764 0.0008
0.0085 0.0166 0.0791 0.0007
0.0346 0.0088 0.1256 0.0032
0.0270 0.1836 0.1280 0.0039
0.1272 •0.0108 0.0091 0.0019
0.1049 0.0000 0.0100 0.0019
0.0049 -0.0023 0.0088 0.0001
0.0077 0.0007 0.0255 0.0001
0.0033 0.0138 0.0158 0.0012
-0.0072 0.5658 0.0126 0.0004
0.0073 03298 -0.0630 0.0079
0.0103 0.5441 0.0890 0.0087
13.00 -0.0031 0.0048 0.0035
1.950 2.094 03845 03088
0.2355 0.0226 0.1285 03055
0.0208 0.4568 0.0026 0.0012
0.0207 0.1403 0.0024 0.0017
0.0173 0.0217 0.0264 0.0044
0.0140 0.0205 0.0300 0.0042
0.0145 0.8698 •0.0812 -0.0815
0.0175 03976 0.0109 0.0010
0.0130 0.0059 -0.0083 0.0006
1.931 2.014 0.3795 0.1975
0.2340 0.0147 0.1370 0.0123
1.945 2.045 0.3891 03048
0.1165 4.866 0.0910 0.0072
0.1452 2.058 0.0944 0.0092
0.1206 0.4240 0.1201 0.0139
0.0673 03261 0.1837 0.0228
0.3649 0.2901 0.1947 0.0744
-0.6294 7.309 -0.7327 -0.7458
1.953 2.034 0.3874 03063
0.0962 6396 0.1839 0.0024
0.1343 2.104 0.0936 0.0085
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Sample
No. Be Ca Cd
150-IC1 •0.00005 32.79 0.0010
150-2 -0.00007 2724 -0.0008
150-2C1 -0.00001 27.97 0.0000
150-3 (R) 0.00007 20.54 0.0003
150-3C1 ® •0.00003 20.83 0.0000
150-4 -0.00003 40.50 -0.0003
150-4C1 -0.00010 40.80 -0.0002
150-5 -0.00004 39.78 -0.0003
150-5C1 -0.00005 40.34 -0.0001
150-6 0.00710 26.75 0.0165
150-6C1 0.00737 26.85 0.0157
150-7 -0.00006 30.08 0.0003
150-7C1 •0.00006 30.74 0.0001
150-8 -0.00006 25.38 -0.0003
150-8C1 -0.00009 2520 •0.0013
150-9 -0.00006 23.95 -0.0002
150-9C1 -0.00007 23.86 -0.0005
150-10 -0.00002 31.87 -0.0004
150-10C1 -0.00005 3224 -0.0006
150-11 0.00004 42.37 0.0007
150-11C1 0.00002 42.46 0.0003
FB 0.00004 0.0955 0.0003
FB Cl 0.00003 02498 0.0002
150-3CI® •0.00006 2024 •0.0006
150-3® -0.00012 1926 •0.0012
150-8® -0.00006 22.88 -0.0002
150-9® -0.00004 22.36 -0.0007
B7-6(l :20) 0.00300 25.09 0.1131
Comp 0.19496 2.046 0.4244
T107 0.01123 12.17 0.0161
150-lNA 0.00005 32.65 0.0018
150-2NA 0.00004 27.41 0.0011
150-4NA 0.00004 39.67 0.0001
150-5NA 0.00003 3821 ' 0.0006
150-6NA 0.00740 25.62 0.0149
150-7NA 0.00005 30.06 0.0004
Blank 0.00009 -0.0037 0.0016
Comp 0.19191 1.932 0.4079
T107 0.01134 11.87 0.0155
Comp 0.19515 1.970 0.4109
210-1 ®* 0.00018 312.1 0.0128
210-2®* 0.00026 2632 0.0050
210-3* 0.00025 191.3 0.0047
210-4* -0.00007 305.0 0.0013
210-5* -0.00109 374.0 0.0078
210-6* 0.06758 240.0 0.1358
Comp 0.19621 1.992 0.4158
210-7* -0.00023 290.0 0.0062
210-2 ®* 0.00041 264.1 0.0000
130
Co Cr Ca Fe
0.0078 0.0028 -0.0016 0.0073
0.0024 0.0028 -0.0011 0.0055
0.0006 0.0009 -0.0026 0.0070
•0.0016 0.0006 -0.0034 0.0049
0.0004 0.0009 •0.0019 0.0032
-0.0006 0.0015 -0.0027 1.801
0.0016 0.0037 -0.0018 1.842
0.0138 0.0020 -0.0037 15.78
0.0139 0.0017 •0.0036 15.97
0.1164 •0.0686 0.0937 5.093
0.1220 -0.0398 0.0978 5.196
0.0027 0.0022 -0.0025 0.0087
0.0028 0.0026 -0.0019 0.0078
0.0012 0.0023 •0.0023 0.1149
0.0023 0.0028 -0.0019 0.1151
0.0009 0.0028 -0.0021 0.0841
0.0006 0.0029 •0.0022 0.0132
0.0014 0.0036 -0.0022 02660
0.0022 0.0044 -0.0015 02506
0.0222 0.0021 -0.0022 0.0109
0.0222 0.0015 •0.0021 0.0047
-0.0014 -0.0009 -0.0004 0.0031
•0.0006 -0.0016 0.0001 0.0036
0.0005 0.0015 -0.0026 0.0043
0.0014 0.0026 -0.0018 0.0037
0.0000 0.0020 -0.0020 0.0297
0.0012 0.0022 -0.0024 0.0223
0.0691 0.0024 7.370 3.868
0.4028 1.010 0.3882 2.054
0.0106 0.0133 0.0275 0.0593
0.0055 0.0007 -0.0015 0.0065
0.0004 0.0000 -0.0013 0.0049
-0.0002 0.0012 -0.0019 0.0211
0.0118 0.0005 -0.0015 0.3802
0.1183 -0.1331 0.0923 1227
0.0014 0.0006 -0.0011 0.0050
-0.0023 -0.0003 0.0001 0.0069
0.3842 0.9638 0.3848 1.955
0.0104 0.0138 0.0271 0.0615
0.3921 0.9823 0.3884 1.986
0.0230 0.0126 -0.0154 0.0681
0.0122 0.0060 -0.0173 0.0709
-0.0065 0.0115 -0.0149 0.0495
0.0015 0.0139 -0.0120 1201
0.0440 0.0143 •0.0201 107.1
1.001 -1.147 0.8264 34.69
0.3952 0.9822 0.3877 1.995
0.0240 0.0141 -0.0065 0.0700
0.0261 0.0102 -0.0154 0.0690
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Sample
No. Hg K Li
150-1CI •0.0028 26.44 0.0065
150-2 0.0009 28.05 0.0067
150-2 -0.0043 28.66 0.0062
150-3(R) -0.0040 37.76 0.0054
150-3C1® -0.0014 37.62 0.0062
150-4 -0.0037 42.56 0.0063
150-4C1 -0.0042 41.37 0.0062
150-5 -0.0002 6431 0.0056
150-5C1 -0.0028 67.14 0.0066
150-6 0.0528 41.36 0.0048
150-6C1 0.0594 42.82 0.0054
150-7 -0.0046 33.43 0.0062
150-7C1 -0.0054 3334 0.0062
150-8 -0.0014 69.02 0.0092
150-8C1 -0.0008 67.93 0.0089
150-9 -0.0031 110.4 0.0121
150-9C1 -0.0017 111.0 0.0133
150-10 0.0003 193.5 0.0213
150-10C1 0.0020 190.6 0.0203
150-11 0.0015 0.7832 0.0059
150-11 Cl -0.0011 0.7353 0.0059
FB -0.0020 -0.0645 -0.0005
FBC1 0.0014 -0.0311 -0.0006
150-3C1® 0.0009 33.71 0.0055
150-3 ® 0.0029 3332 0.0058
150-8® -0.0028 65.59 0.0091
150-9® •0.0034 103.6 0.0124
B7-6(130) 0.0020 0.1334 0.0132
Comp 0.4105 3.698 0.9336
T107 -0.0031 0.6807 0.1845
150-1NA -0.0047 2333 0.0060
150-2NA -0.0040 25.14 0.0060
150-4NA -0.0047 37.08 0.0057
150-5NA -0.0016 57.10 0.0057
150-6NA 0.0569 40.14 0.0054
150-7NA -0.0017 31.66 0.0064
Blank -0.0038 -0.1897 0.0002
Comp 0.3927 3.692 0.9622
T107 -0.0005 0.7747 0.1959
Comp 0.4129 3.780 0.9810
210-1 ®* 0.0462 236.7 0.0566
210-2®* 0.0299 250.1 0.0526
210-3* 0.0254 3353 0.0540
210-4* 0.0140 3873 0.0576
210-5* -0.0136 624.5 0.0518
210-6* 0.5320 4023 0.0462
Comp 0.4069 3.791 0.9815
210-7* 0.0323 315.6 0.0584
210-2®* 0.0115 251.4 0.0549
131
Mg Mn Mo Na
4350 0.0116 0.0260 21.39
3.779 0.0163 0.0028 20.24
3.879 0.0164 0.0037 21.91
4364 0.0564 -0.0016 21.62
4392 0.0588 0.0032 21.07
5.041 0.1852 -0.0011 19.65
5.035 0.1900 0.0002 18.86
5.425 03155 -0.0043 20.11
5.578 03197 -0.0034 20.71
3.687 0.1021 171.8 110.9
3.748 0.1062 175.6 110.4
4.509 0.0270 0.0389 22.67
4.548 0.0277 0.0310 22.88
6345 0.0148 0.0043 30.37
6323 0.0147 0.0016 29.95
7.692 0.0098 0.0026 40.68
7.760 0.0086 0.0023 41.68
12.57 0.0224 0.0034 53.95
12.59 0.0239 0.0124 53.86
4.629 0.2118 0.0017 3.588
4.611 03101 0.0001 4.192
0.0283 0.0007 0.0005 0.4617
0.0589 0.0001 -0.0005 5.013
4.105 0.0564 0.0012 1833
4.039 0.0284 0.0228 17.49
5.996 0.0027 0.0065 34.14
7.451 0.0062 0.0111 43.57
21.55 10.13 0.0014 3382
2.003 0.3997 1.991 1.938
2.136 0.0446 0.0141 22.62
3.956 0.0113 0.0208 20.11
3.584 0.0150 0.0022 20.31
4.652 0.1553 -0.0031 2030
5.086 0.1721 -0.0027 20.58
3.581 0.0866 161.8 112.0
4.405 0.0177 0.0257 2238
-0.0471 0.0025 -0.0059 -0.0081
1.981 0.3825 1.899 2.058
2.163 0.0441 0.0138 22.69
2.015 0.3897 1.943 2.012
3936 0.0104 03227 197.6
3636 03146 0.0562 195.9
4038 0.4856 -0.0105 189.7
46.51 1.476 -0.0200 185.1
52.03 1.935 -0.0181 198.1
35.36 0.7075 1451 1068
2.020 0.3903 1.964 2.106
43.53 0.2251 03579 211.7
39.71 0.2139 0.0733 193.9
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Sample
No. Ni P Pb
150-IC1 0.1343 2.176 -0.0074
150-2 0.0042 1.886 -0.0098
150-2CI 0.0039 1.961 •0.0084
150-3® 0.0530 3.103 -0.0282
150-3C1®) 0.0513 3.029 -0.0061
150-4 •0.0001 13.23 -0.0061
150-4CI -0.0022 12.95 0.0077
150-5 0.0250 18.12 0.0149
150-5C1 0.0261 18.50 -0.0042
150-6 0.0834 4.880 •0.1158
150-6C1 0.0906 4.827 -0.1209
150-7 0.0123 3.354 •0.0136
150-7CI 0.0124 3.363 -0.0075
150-8 0.0066 6.873 -0.0045
I50-8C1 0.0054 6.676 0.0023
150-9 0.0546 7.887 0.0000
150-9CI 0.0484 7.812 -0.0053
150-10 0.0388 10.53 -0.0122
150-10CI 0.0436 10.93 -0.0159
150-11 0.1080 -0.0030 -0.0049
150-11C1 0.1071 -0.0074 0.0155
FB •0.0010 0.0000 -0.0077
FB Cl -0.0029 0.0148 -0.0137
150-3C1 ® 0.0523 2.824 -0.0053
150-3® 0.0495 2.371 0.0054
150-8® 0.0041 5.505 -0.0107
150-9® 0.0555 7.206 -0.0061
B7-6(l:20) 0.0582 -0.0614 -0.0155
Comp 0.4128 2.149 2.051
T107 0.0293 -0.0342 0.0325
150-1NA 0.1294 1.926 0.0044
150-2NA 0.0032 1.677 0.0079
150-4NA •0.0014 11.24 0.0104
150-5NA 0.0266 8.476 0.0070
150-6NA 0.0835 2.290 -0.0612
I50-7NA 0.0121 2.847 -0.0049
Blank 0.0025 -0.0059 -0.0081
Comp 0.4010 2.074 1.962
T107 0.0268 -0.0414 0.0222
Comp 0.4088 2.093 2.023
210-1 ®* 1.166 17.86 -0.0112
210-2 ®* 0.1764 11.10 0.0741
210-3* 0.3117 22.75 -0.0348
210-4* -0.0221 1221 0.0112
210-5* 0.0738 1732 0.0746
210-6* 0.5215 27.67 -0.6091
Comp 0.4112 2.096 2.046
210-7* 0.0983 29.19 0.0345
210-2 ®* 0.1937 1122 -0.0283
132
S Sb Se Si
4426 0.0377 0.0000 4.200
37.92 0.0019 -0.0032 3.695
3821 0.0046 0.0011 3.749
125.8 -0.0046 -0.0194 3.748
124.5 -0.0065 -0.0076 3.960
2627 0.0057 -0.0140 4.572
25.35 0.0122 0.0119 4.693
37.80 0.0014 -0.0065 3.916
37.64 -0.0054 •0.0238 4.022
3821 25.49 -0.0054 3.587
40.02 0.1619 0.0151 3.680
4123 0.0168 -0.0054 3.262
42.48 0.0344 -0.0032 3.343
3125 0.0002 -0.0281 4.231
32.01 0.0099 -0.0032 4.318
116.0 0.0034 -0.0313 4.762
27.36 -0.0065 0.0097 4.884
67.49 0.0011 -0.0367 5.763
13.58 0.0069 -0.0313 5.794
43.32 0.0039 0.0065 1.832
43.08 0.0072 0.0108 1.821
0.1214 -0.0078 0.0065 0.0019
0.5553 -0.0052 0.0011 0.0393
111.7 -0.0013 •0.0011 3.792
5.407 0.0227 -0.0194 3.828
31.10 0.0039 -0.0119 4.153
116.9 0.0176 -0.0313 4.689
106.1 0.0183 -0.0065 2.379
2.066 1.021 1.030 1.864
6.436 0.0076 0.0312 3.709
40.08 0.0443 0.01S6 3.801
34.54 -0.0052 0.0197 3.365
18.12 0.0026 0.0164 4.155
27.90 0.0006 0.0197 3.628
38.04 0.0920 -1.117 3.328
40.08 0.0257 0.0123 3.131
-0.0107 •0.0036 0.0131 0.0008
1.997 0.9890 1.003 1.811
6.609 0.0126 0.0140 3.810
2.067 1.009 1.027 1.880
406.4 0.4076 0.1002 38.62
364.5 0.0881 0.1469 34.24
639.0 -0.0056 0.2203 35.40
136.3 0.0129 0.2136 42.91
406.3 0.0330 0.2871 38.12
383.4 0.7044 -7.865 26.31
2.165 1.011 1.049 1.886
411.6 0.3523 0.1202 32.29
371.5 0.0880 0.1068 34.77
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Dateof Date Sample
Sampling Analyzed No. Ag
6 Jun 97 11Jun 97 210-8* 0.0079
6 Jun 97 tl Jun97 210-9* 0.0103
6 Jun 97 11 Jun 97 210-10* 0.0179
6 Jun 97 11Jun 97 210-11* 0.0082
6 Jun 97 11 Jun 97 FB 0.0006
6 Jun 97 11 Jun 97 2I0-1NA* 0.0106
6 Jun 97 11Jun 97 210-2NA* 0.0114
6 Jun 97 11Jun 97 210-1 ®* 0.01S8
11 Jun 97 Comp 0.0996
11 Jun 97 Comp 0.0974
11 Jun 97 T107 0.0044
Sample
No. Be Ca Cd
210-8* -0.00039 224.7 -0.0046
210-9* -0.00014 218.1 -0.0030
210-10* 0.00026 311.6 -0.0013
210-11* 0.00103 431.1 0.1326
FB 0.00005 0.1922 0.0007
210-1NA* •0.00011 317.5 0.0137
210-2NA* 0.00022 264.9 -0.0035
210-1 ®* -0.00019 316.0 0.0119
Comp 0.19835 2.003 0.4197
Comp 0.19501 1.975 0.4114
T107 0.01139 11.86 0.0158
Sample
No. Hg K Li
210-8* 0.0299 659.4 0.0906
210-9* 0.0322 984.2 0.1117
210-10* -0.0048 1857 0.1948
210-11* 0.0051 7.596 0.0643
FB -0.0039 -0.1004 -0.0002
210-1NA* 0.0276 239.5 0.0572
210-2NA* 0.0207 252.8 0.0531
210-1 ®* 0.0184 240.8 0.0565
Comp 0.4087 3.720 0.9755
Comp 0.4053 3.686 0.9392
T107 0.0018 0.7083 0.1835
Al As B Ba
0.0446 1.998 0.4682 0.0134
0.1522 0.5036 0.6898 0.0237
0.2994 0.4209 1.111 0.0369
2.156 0.0926 0.1074 0.0245
0.0108 0.0021 0.0146 0.0005
0.0831 5.011 0.1066 0.0092
0.0858 2.139 0.1077 0.0068
0.1217 5.034 0.0961 0.0044
1.973 2.061 0.3935 0.1000
1.915 2.019 0.3818 0.1000
0.2242 0.0187 0.1344 0.2051
Co Cr Cu Fe
0.0016 0.0259 •0.0098 0.7270
0.0036 0.0245 -0.0174 0.5372
•0.0006 0.0218 -0.0168 1.475
0.4669 0.0123 0.0720 0.0626
-0.0008 -0.0004 0.0008 0.0042
0.0329 0.0135 -0.0118 0.0408
0.0243 0.0058 -0.0105 0.0690
0.0211 0.0136 -0.0110 0.0700
0.3979 0.9821 0.3917 1.999
0.3893 0.9754 0.3780 1.978
0.0104 0.0138 0.0269 0.0633
Mg Mn Mo Na
60.32 0.1231 0.0181 303.1
69.71 0.0842 0.0181 383.8
118.4 0.1652 0.0714 528.8
46.65 2.087 -0.0038 43.91
0.0391 0.0002 0.0009 5.392
40.15 0.0108 0.3712 198.0
37.00 0.2172 0.1123 194.7
39.98 0.0104 0.2141 200.0
2.037 0.3908 1.951 2.119
1.984 0.3863 1.923 1.997
2.143 0.0439 0.0140 20.96
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Sample
No. Ni P Pb S Sb Se Si
210-8* 0.02S6 54.43 0.0283 3113 0.1332 0.0801 41.87
210-9* 03279 60.41 0.0397 3053 0.0501 03404 43.86
210-10* 03548 72.14 0.0165 1401 0.0130 03737 55.59
210-11* 2334 -2.046 0.0660 4613 0.1102 0.0668 20.74
FB 0.0015 -0.0196 -0.0051 0.7559 0.0042 0.0200 0.0411
210-1NA* 1.173 1837 •0.0166 422.0 0.4678 0.1068 39.47
210-2NA* 0.1824 11.45 0.1258 376.5 0.0272 0.1269 34.93
210-1 ®* 1.188 18.06 •0.0683 412.5 0.5345 0.1068 3935
Comp 0.4150 2.105 2.068 2.140 1.018 1.047 1.898
Comp 0.4088 2.039 2.026 2.088 1.000 1.008 1.864
T107 0.0259 •0.0401 0.0325 6.613 0.0071 0.0267 3.780
Sample
No. Sn Sr Ti Tl V Zn
210-8* -0.0194 0.1237 0.0202 0.0665 0.0466 -0.0191
210-9* -0.0039 0.1121 0.0227 0.0193 0.0352 0.0588
210-10* 0.0309 0.1663 0.0218 -0.0560 0.0528 -0.0129
210-11* -0.0233 0.2802 0.0263 0.1748 -0.0245 16.86
FB -0.0020 0.0000 0.0002 -0.0001 0.0025 -0.061
210-lNA* 0.0077 0.1159 0.0200 0.0094 0.0249 0.1575
210-2NA* 0.0231 0.1167 0.0211 0.0857 0.0341 0.0240
210-1 ®* -0.0155 0.1151 0.0180 0.1415 0.0321 0.1635
Comp 0.8237 0.0439 1.049 1.022 0.3908 0.9894
Comp 0.8133 0.0426 1.024 1.003 0.3804 0.9791
T107 -0.0016 0.0134 0.0027 0.0086 0.0165 0.0795
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Ag 0.009 Co 0.010 Mn 0.005 Se 0.080
A1 0.035 Cr 0.005 Mo 0.020 Si 0.020
As 0.065 Cu 0.005 Na 0.100 Sn 0.030
B 0.005 Fe 0.015 Ni 0.015 Sr 0.005
Ba 0.005 Hg 0.050 P 0.070 Ti 0.005
Be 0.001 K 0.500 Pb 0.060 Tl 0.100
Ca 0.010 Li 0.005 S 0.070 V 0.010
Cd 0.005 Mg 0.005 Sb 0.085 Zn 0.005
Table B7. Check standards used in ICAPES analysis.
The composite standard used prior to April 1997 (Old Comp) included 30 elements. Be­
ginning in April 1997, sulfur and titanium were added to the elements determined by the 
method, and the new composite standard (New Comp) included these elements.
The USGS reference standards include normal reference water samples (Txxx series) and 
acid mine water samples (AMWx series). The element concentrations given for USGS 
reference standards are consensus values, i.e., averages of values reported by a large 
number o f laboratories.
All concentrations are listed in milligrams per liter.
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USGS USGS USGS USGS
Element TI07 T113 T1I7 T143
Ag 0.0123 0.0050 0.00140 0.0196
Al 0.220 0.317 0.079 0.0221
As 0.0108 0.0238 0.0690 0.0152
B 0.130 0.188 0.1510 0.035
Ba 0.192 0.070 0.0985 0.0819
Be 0.0110 0.0100 0.00480 0.0085
Ca 0.0117 0.00460 0.02090 53.700
Cd 0.0143 0.00423 0.00220 0.0191
Co 0.0110 0.0102 0.00430 0.017
Cr 0.0130 0.0025 0.01030 0.037
Cu 0.0300 0.047 0.00600 0.0223
Fe 0.052 0.273 0.4740 0.222
Hg
K 0.00084 0.00123 0.00211 2.50
Li 0.193 0.045 0.02000 0.018
Mg 0.00210 0.00078 0.01005 10.400
Mn 0.045 0.065 0.2200 0.0182
Mo 0.015 0.034 0.01180 0.0361
Na 0.0207 0.102 0.02000 34.000
Ni
n




0.026 0.0013 0.00500 0.0834
o
Sb 0 . 0 1 0 1 0.0189 0.00550 0.0166
Se 0.0110 0.0190 0.00600 0.0963
Si 0.0036 0.0036 0.00554 10.94
Sn
Sr 0.061 0.0319 0.2650 0.306
Ti
Tl
V 0.0140 0.0094 0.00180
0.010
0.030
Zn 0.0758 0.0555 0.0093 0.020
137
USGS USGS USGS Old New
T145 AMW2 AMW3 Comp Comp
0.00755 0.0035 0.0080 0.1 0.1
0.0676 0.021 21.00 1.0 2.0
0.00988 0.049 0.0725 1.0 2.0
0.0456 0.153 0.2 0.4
0.0371 0.0054 0.0045 0.1 0.2
0.00904 0.0141 0.0120 0.1 0.2
30.70 320 1.0 2.0
0.00933 0.127 0.121 0.2 0.4
0.010 0.137 0.133 02. 0.4
0.0153 0.020 0.0110 0.5 1.0
0.011 5.150 4.67 0.2 0.4
0.101 0.145 142.65 1.0 2
0.0008 0 2 0.4
2.130 0.00350 2.0 4.0
0.0273 0.052 0.035 0.5 1.0
8.68 0.114 1.0 2.0
0.0209 0.089 82.80 0.2 0.4
0.00923 0.030 1.0 2.0
41.20 0.0308 1.0 2.0
0.011 0.249 0.206 0.2 0.4
1.0 2.0
0.0127 0.045 0.0155 1.0 2.0
637 2.0
0.0088 0.0027 0.5 1.0
0.0101 0.0083 0.5 1.0
5.28 0.02199 0.0224 1.0 2.0
0.4 0.8
0.203 1.57 1.474 0.1 0.2
1.0
0.0153 0.5 1.0
0.0117 0.0150 0.2 0.4
0.010 0.044 41.450 0.5 1.0
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Table B8. Organic carbon data. 138
Sx signifies a check standard containing x mg/L organic carbon. All analyses were per­
formed in NPOC (non-purgeable organic carbon) mode. Low signifies a reading below 
the calibrated range, and Offscale signifies one above the range.
All reported organic carbon concentrations are corrected for sample dilution.




12 Nov 96 Blank 1 <1
12 Nov 96 S10 1 10
12 Nov 96 S50 1 50
12 Nov 96 S100 1 100
8 Nov 96 12 Nov 96 0-1 1 9.2
8 Nov 96 12 Nov 96 0-2 1 11.8
8 Nov 96 12 Nov 96 0-3 1 50.3
8 Nov 96 12 Nov 96 0-4 1 92.4
8 Nov 96 12 Nov 96 0-5 1 Offscale
8 Nov 96 12 Nov 96 0-6® 1 105.1
8 Nov 96 12 Nov 96 0-7 1 39.7
8 Nov 96 12 Nov 96 0-8 1 126.7
8 Nov 96 12 Nov 96 0-9 1 243.7
8 Nov 96 12 Nov 96 0-10 1 398.8
8 Nov 96 12 Nov 96 0-5 10 230.4
8 Nov 96 12 Nov 96 0-6® 1 102.0
15 Nov 96 • Blank 1 <1
15 Nov 96 S10 1 10
15 Nov 96 S50 1 50
15 Nov 96 S100 1 100
13 Nov 96 15 Nov 96 5-1 ® 1 23.2
13 Nov 96 15 Nov 96 5-2 1 26.0
13 Nov 96 15 Nov 96 5-3 1 63.9
13 Nov 96 15 Nov 96 5-4 1 140.8
13 Nov 96 15 Nov 96 5-5 10 340.2
13 Nov 96 15 Nov 96 5-6 10 98.8
13 Nov 96 15 Nov 96 5-7 1 53.6
13 Nov 96 15 Nov 96 5-8 10 192.3
13 Nov 96 15 Nov 96 5-9 100 Low
13 Nov 96 15 Nov 96 5-10 100 1438
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15 Nov 96 Blank 1 <1
15 Nov 96 S10 1 9.2
15 Nov 96 S50 1 50.7
15 Nov 96 S100 1 102.2
13 Nov 96 15 Nov 96 0-1 ® 1 20.4
13 Nov 96 15 Nov 96 0-9 10 464.3
27 Nov 96 Blank 1 <1
27 Nov 96 S10 1 10
27 Nov 96 S50 1 50
27 Nov 96 SI 00 1 100
20 Nov 96 27 Nov 96 12-1 1 12.6
20 Nov 96 27 Nov 96 12-2 1 14.1
20 Nov 96 27 Nov 96 12-3 1 92.9
20 Nov 96 27 Nov 96 12-4 10 212.0
20 Nov 96 27 Nov 96 12-5 10 453.2
20 Nov 96 27 Nov 96 12-6 10 187.1
20 Nov 96 27 Nov 96 12-7 1 58.9
20 Nov 96 27 Nov 96 12-11 1 34.4
20 Nov 96 27 Nov 96 12-8 10 208.2
20 Nov 96 27 Nov 96 12-9 10 521.9
20 Nov 96 27 Nov 96 12-10 100 1263
27 Nov 96 Blank 1 <1
27 Nov 96 S10 1 9.2
27 Nov 96 S50 1 49.0
27 Nov 96 S100 1 101.9
4 Dec 96 Blank 1 <1
4 Dec 96 S100 1 96.9
4 Dec 96 S50 1 50.0
4 Dec 96 S10 1 9.7
4 Dec 96 Blank 1 <1
29 Nov 96 4 Dec 96 21-1® 1 22.0
29 Nov 96 4 Dec 96 21-2® 1 25.7
29 Nov 96 4 Dec 96 21-3® 10 118.6
29 Nov 96 4 Dec 96 21-4® 10 222.0
29 Nov 96 4 Dec 96 21-5® 10 486.4
29 Nov 96 4 Dec 96 21-6® 10 196.3
29 Nov 96 4 Dec 96 21-7® 1 81.74
29 Nov 96 4 Dec 96 21-8® 10 188.8
29 Nov 96 4 Dec 96 21-9® 10 644.3
29 Nov 96 4 Dec 96 21-10® 100 1379
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29 Nov 96 4 Dec 96 21-11 ® 1 43.4
4 Dec 96 S50 1 49.9
29 Nov 96 4 Dec 96 21-1 ® 1 22.8
29 Nov 96 4 Dec 96 21-2® 1 25.2
29 Nov 96 4 Dec 96 21-3® 10 122.4
29 Nov 96 4 Dec 96 21-4® 10 217.8
29 Nov 96 4 Dec 96 21-5® 10 492.6
29 Nov 96 4 Dec 96 21-6® 10 193.0
29 Nov 96 4 Dec 96 21-7® 1 80.3
29 Nov 96 4 Dec 96 21-8® 10 189.2
29 Nov 96 4 Dec 96 21-9® 10 641.4
29 Nov 96 4 Dec 96 21-10® 100 1392
29 Nov 96 4 Dec 96 21-11 ® 1 43.2
4 Dec 96 Blank 1 <1
4 Dec 96 S100 1 99.4
4 Dec 96 S50 1 50.2
4 Dec 96 S10 1 9.9
13 Dec 96 S10 1 10.4
13 Dec 96 S50 1 52.3
13 Dec 96 S100 1 100.1
13 Dec 96 Blank 1 <1
9 Dec 96 13 Dec 96 31-1 1 21.5
9 Dec 96 13 Dec 96 31-2 1 30.2
9 Dec 96 13 Dec 96 31-3 5 216.7
13 Dec 96 S50 1 50.2
9 Dec 96 13 Dec 96 31-4 5 212.6
9 Dec 96 13 Dec 96 31-5 10 473.8
9 Dec 96 13 Dec 96 31-6 10 188.0
13 Dec 96 S50 1 49.7
9 Dec 96 13 Dec 96 31-7 1 63.5
9 Dec 96 13 Dec 96 31-8 10 200.8
9 Dec 96 13 Dec 96 31-9 10 417.6
13 Dec 96 S50 1 50.3
9 Dec 96 13 Dec 96 31-10 100 1502
9 Dec 96 13 Dec 96 31-11 1 48.9
13 Dec 96 S10 1 10.8
13 Dec 96 S50 1 52.3
13 Dec 96 S100 1 100.1
13 Dec 96 Blank 1 <1
10 Jan 97 S10 1 9.7
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10 Jan 97 S50 1 51.6
10 Jan 97 S100 1 100.1
10 Jan 97 Blank 1 <1
7 Jan 97 10 Jan 97 60-1® 1 6.4
7 Jan 97 10 Jan 97 60-2 1 15.2
7 Jan 97 10 Jan 97 60-3 5 191.3
10 Jan 97 S50 1 50.8
7 Jan 97 10 Jan 97 60-4 5 388.7
7 Jan 97 10 Jan 97 60-5 10 925.3
7 Jan 97 10 Jan 97 60-6 10 201.2
10 Jan 97 S50 1 51.0
7 Jan 97 10 Jan 97 60-7 1 32.0
7 Jan 97 10 Jan 97 60-8 10 138.9
7 Jan 97 10 Jan 97 60-9 10 403.9
10 Jan 97 S50 1 51.3
7 Jan 97 10 Jan 97 60-10 100 1122
7 Jan 97 10 Jan 97 60-11 1 2.9
10 Jan 97 S10 1 9.6
10 Jan 97 S50 1 51.1
10 Jan 97 S100 1 99.7
10 Jan 97 Blank 1 <1
7 Jan 97 10 Jan 97 60-1 ® 1 3.1
7 Jan 97 10 Jan 97 60-1 ® 1 2.5
21 Apr 97 S100 1 99.4
21 Apr 97 S50 1 52.9
21 Apr 97 S10 1 12.5
21 Apr 97 Blank 1 1.7
7 Apr 97 21 Apr 97 150-3 ® 5 169.3
7 Apr 97 21 Apr 97 150-4 5 643.8
7 Apr 97 21 Apr 97 150-5 10 1490
21 Apr 97 S100 1 100.1
21 Apr 97 S50 1 49.3
21 Apr 97 S10 1 9.8
21 Apr 97 Blank 1 <1
7 Apr 97 21 Apr 97 150-7 1 18.9
7 Apr 97 21 Apr 97 150-8 10 125.6
7 Apr 97 21 Apr 97 150-9 10 256.5
7 Apr 97 21 Apr 97 150-10 100 746.4
7 Apr 97 21 Apr 97 150-11 1 3.0
7 Apr 97 21 Apr 97 FB 1 4.7
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21 Apr 97 Blank 1 <1
21 Apr 97 SI 00 1 97.9
21 Apr 97 Blank 1 <1
7 Apr 97 21 Apr 97 150-3 ® 5 151.5
7 Apr 97 21 Apr 97 150-1 1 2.7
7 Apr 97 21 Apr 97 150-2 1 4.4
21 Apr 97 S10 1 9.8
21 Apr 97 S50 1 50.7
21 Apr 97 SI 00 1 100.0
21 Apr 97 Blank 1 <1
7 Apr 97 21 Apr 97 150-10 10 747.5
7 Apr 97 21 Apr 97 150-6 10 302.8
10 Jun 97 S100 1 99.6
10 Jun 97 S50 1 50.4
10 Jun 97 S10 1 10.2
10 Jun 97 Blank 1 <1
6 Jun97 10 Jun 97 210-1 ® 1 1.6
6 Jun97 10 Jun 97 210-2 1 2.9
6 Jun97 10 Jun 97 210-3 5 73.7
6 Jun97 10 Jun 97 210-4 10 826.4
6 Jun97 10 Jun 97 210-5 20 1550
6 Jun97 10 Jun 97 210-6 10 195.5
6 Jun 97 10 Jun 97 210-7 1 17.1
6 Jun97 10 Jun 97 210-8 5 100.0
6 Jun 97 10 Jun 97 210-9 10 247.7
6 Jun 97 10 Jun 97 210-10 100 635.9
6 Jun 97 10 Jun 97 210-11 1 1.1
6 Jun 97 10 Jun 97 210-1 ® 1 1.7
6 Jun 97 10 Jun 97 FB 1 <1
10 Jun 97 Blank 1 <1
10 Jun 97 S100 1 100.0
10 Jun 97 S50 1 50.3
10 Jun 97 S10 1 9.8
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Appendix C.
Analytical and Quality C ontrol Data from Berkeley Pit Study
The analytical data reported in the following tables were collected in the course o f 
the Berkeley Pit microcosm study reported in Chapter 3.
Quality control samples included field blanks, check standards, and replicate 
samples. In these tables FB signifies field blank, i.e., a sample o f analyte-free water 
bottled at the time o f sample collection and treated and analyzed the same as microcosm 
samples. FB* denotes an unfiltered field blank. Blank signifies a laboratory blank. ® 
after the sample code signifies a replicate sample, i.e., one analyzed two or more times.
Sample codes: For samples from microcosms, the first number is days incubated, 
and the second is the microcosm number. Samples o f Berkeley Pit water are listed as 
BPit-1 (from carboy no. 1) and BPit-2 (from carboy no. 2). Aqua regia digests are listed 
as Cmpst for compost, Sldg for sludge, followed by a letter; A, B, and C are sample 
digests, and D, E, and F are blank digests processed at the same time.
143
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Table C l. Inductively Coupled Argon Plasma Emission Spectroscopy (ICAPES)
Data
All samples were analyzed at 1:20 dilution unless otherwise noted. Blanks and 
check standards were analyzed neat Comp signifies a composite check standard con­
taining all elements in the calibration standards. Txxx or AMWx signifies a USGS ref­
erence standard, where Txxx or AMWx is the standard’s catalogue number. Reported 
concentrations beginning with analyses o f June 11, 1997, are corrected for sample 
dilution; earlier samples are uncorrected. Results from the 7 day sampling o f Mi­
crocosms 1 through 7 are reported in Appendix B, Table B5. Concentrations o f elements 
in the quality control standards are listed in Appendix B, Table B7. The composite 
standard used on March 20, 1997 was the “Old Comp” listed in Table B7; all later 
analyses used the “New Comp.” All samples were filtered and then acidified with nitric 
acid except as noted. A sample number followed by Cl indicates that the sample was 
acidified with hydrochloric acid; a number followed by NA indicates that the sample was 
not acidified. A sample number preceded by G indicates a sample from the Getchell 
study analyzed concurrently with Berkeley Pit samples.







No. Ag Al As B Ba
20 Mar 97 Comp 0.0515 1.066 1.072 0.2062 0.1092
20 Mar 97 Blank -0.0006 0.0033 0.0043 •0.0001 0.0001
19 Mar 97 20 Mar 97 CmpstD •0.0005 0.0056 -0.0060 -0.0003 0.0010
19 Mar 97 20 Mar 97 Cmpst E •0.0010 0.0049 0.0055 •0.0001 0.0003
19 Mar 97 20 Mar 97 CmpstF -0.0008 0.0070 -0.0030 0.0005 0.0009
19 Mar 97 20 Mar 97 Cmpst A 0.0109 33.32 0.0512 0.0809 1.866
19 Mar 97 20 Mar 97 Cmpst B 0.0136 31.88 0.0388 0.0697 1.598
19 Mar 97 20 Mar 97 Cmpst C 0.0058 24.37 0.0386 0.0615 1.498
19 Mar 97 20 Mar 97 Blank 0.0003 0.0046 -0.0020 -0.0002 0.0006
19 Mar 97 20 Mar 97 Comp 0.0507 1.063 1.082 0.2054 0.1111
19 Mar 97 20 Mar 97 T107 0.0010 0.2535 0.0175 0.1434 02261
11 Mar 97 20 Mar 97 BPit-lNA, 0.0006 0.2589 -0.0040 -0.0010 0.0007
11 Mar 97 20 Mar 97
1:1000
BPit-lNA, -0.0003 2.689 -0.0280 -0.0004 0.0013
11 Mar 97 20 Mar 97
1:100
BPit-lNA, -0.0080 26.74 -0.1420 0.0110 0.0015
II Mar 97 20 Mar 97
1:10
BPit-lNA, -0.0420 241.9 0.0026 0.0996 0.0077
11 Mar 97 20 Mar 97
neat
BPit-1 -0.0070 26.19 -0.1360 0.0104 0.0024
11 Mar 97 20 Mar 97
HCI, 1:10 
BPit-1 -0.0390 243.7 0.0056 0.1021 0.0081
11 Mar 97 20 Mar 97
HCI, neat 
BPit-1, -0.0080 26.5 -0.1430 0.0107 0.0014
11 Mar 97 20 Mar 97
1:10
BPit-1, -0.0390 238.1 -0.0070 0.0995 0.0086
20 Mar 97
neat
Blank -0.0009 0.0073 0.0047 •0.0001 0.0006
20 Mar 97 Comp 0.0505 1.018 1.043 02012 0.1087
30 Apr97 Blank 0.0101 0.0076 0.0018 -0.0070 0.0003
30 Apr 97 Comp 0.1079 1.945 2.079 0.3841 02051
30 Apr97 T107 0.0087 0.2354 0.0214 0.1295 02045
3 Apr 97 30 Apr 97 SldgD 0.0073 0.0205 0.0000 -0.0070 0.0004
3 Apr 97 30 Apr 97 SldgE 0.0049 0.0064 0.0036 •0.0081 0.0006
3 Apr 97 30 Apr 97 SldgF 0.0032 0.0117 0.0024 -0.0081 0.0006
3 Apr 97 30 Apr 97 Sldg A 0.1107 7.653 0.0123 0.0048 1.093
3 Apr 97 30 Apr 97
1:10
SldgB 0.1219 8.506 0.0152 0.0060 1.177
3 Apr 97 30 Apr 97
1:10
SldgC 0.1285 9.396 0.0152 0.0066 1243
30 Apr 97
1:10
Comp 0.1042 1.949 2.041 0.3803 02038
24 Apr 97 30 Apr 97 14-1 ® •0.0009 10.69 0.0124 0.0007 0.0087
24 Apr 97 30 Apr 97 14-2 -0.0021 10.24 0.0135 0.0011 0.0068
24 Apr 97 30 Apr 97 14-3 •0.0009 10.35 0.0029 0.0009 0.0068
24 Apr 97 30 Apr 97 14-4 •0.0021 12.79 0.0059 •0.0014 0.0023
24 Apr 97 30 Apr 97 14-5 -0.0020 12.89 0.0147 -0.0018 0.0029
24 Apr 97 30 Apr 97 14-6 •0.0011 12.84 0.0094 -0.0018 0.0026
24 Apr 97 30 Apr 97 14-7® -0.0017 12.68 0.0124 -0.0032 0.0006
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Sample Be Ca Cd Co Cr Cu Fe
No
Comp 0.10120 1.087 0.2178 02070 0.5313 02146 1.060
Blank 0.00005 0.0144 0.0004 -0.0005 -0.0007 0.0002 0.0017
Cmpst D 0.00006 0.0663 0.0003 0.0001 -0.0010 0.0003 0.0110
Cmpst E 0.00005 0.0251 -0.0003 •0.0009 -0.0001 -0.0006 0.0062
Cmpst F 0.00003 0.0424 -0.0003 -0.0009 0.0000 -0.0005 0.0102
Cmpst A -0.01200 96.14 0.0056 0.0205 0.0684 0.1894 60.58
Cmpst B -0.01400 79.58 0.0053 0.0232 0.0704 0.1732 60.43
Cmpst C •0.01100 74.88 0.0044 0.0189 0.0669 0.1532 52.01
Blank 0.00008 0.0231 0.0003 •0.0020 -0.0020 •0.0001 0.0072
Comp 0.10250 1.097 02220 02107 0.5364 02152 1.080
T107 0.01240 13.30 0.0164 0.0126 0.0143 0.0318 0.0546
BPit-lNA, 0.00020 0.5113 0.0036 -0.0010 •0.0010 0.1600 0.0834
1:1000
BPit-lNA, 0.00050 4.968 0.0263 0.0132 -0.0070 1.639 0.8224
1:100
BPit-lNA, 0.00380 48.91 02420 0.1467 -0.0330 16.34 10.00
1:10
BPit-lNA, 0.03330 545.5 2.115 1293 0.0569 171.4 89.51
neat
BPit-1 0.00400 50.48 02520 0.1448 -0.0310 15.93 10.48
HCI, 1:10
BPit-I 0.03360 539.1 2.048 1252 0.0522 169.9 8622
HCI, neat
BPit-1, 0.00380 47.41 02350 0.1411 -0.0300 16.19 9.835
1:10
BPit-1, 0.03360 421.0 2.083 1267 0.0533 169.7 87.78
neat
Blank 0.00008 0.0306 0.0000 -0.0005 -0.0006 0.0010 0.0089
Comp 0.09850 1.091 02198 02048 0.5225 0.2038 1.052
Blank 0.00001 -0.0045 0.0003 -0.0012 -0.0010 0.0004 -0.0015
Comp 0.19336 1.999 0.4152 0.3967 1.000 0.3907 • 2.026
T107 0.01118 11.97 0.0153 0.0107 0.0147 0.0280 0.0583
SldgD 0.00005 0.0180 0.0005 -0.0013 -0.0001 0.0004 0.0146
SldgE 0.00002 0.0020 0.0001 -0.0009 -0.0010 0.0002 0.0041
SldgF 0.00004 -0.0025 0.0006 -0.0012 -0.0004 -0.0002 0.0029
Sldg A 0.00011 29.16 0.0051 0.0020 0.0279 0.6338 7236
1:10
Sldg B 0.00018 31.85 0.0058 0.0015 0.0290 0.6890 8.154
1:10
SldgC 0.00013 33.63 0.0054 0.0018 0.0327 0.7277 8.961
1:10
Comp 0.19284 2.003 0.4185 02985 0.9823 0.3866 2.001
14-1 ® 0.00228 30.26 0.1110 0.0660 0.0015 6.629 0.4622
14-2 0.00214 30.26 0.1071 0.0653 0.0023 6.420 0.5336
14-3 0.00217 30.04 0.1079 0.0648 0.0024 6.307 0.9028
14-4 0.00288 25.62 0.1149 0.0678 0.0019 7218 3.960
14-5 0.00296 25.79 0.1155 0.0683 0.0018 7261 3.948
14-6 0.00294 25.47 0.1148 0.0669 0.0006 7.234 3.941
14-7® 0.00289 23.03 0.1167 0.0682 -0.0001 7.695 4.739














































































































































































Ni P Pb S Sb Se Si
Comp 02146 1.039 1.06 0.5375 0.5443 1.110
Blank 0.0004 -0.0040 0.0112 -0.0070 •0.0190 0.0012
Cmpst D 0.0015 0.0007 0.0099 -0.0030 -0.0070 0.0042
Cmpst E 0.0005 0.0169 0.0148 -0.0040 •0.0100 0.0006
Cmpst F 0.0007 0.0147 0.0190 -0.0050 -0.0040 0.0046
Cmpst A 0.0550 4.706 02564 -0.4400 -0.0510 1.791
Cmpst B 0.0511 4.691 02302 -0.4700 -0.0450 1.888
Cmpst C 0.0459 4228 02121 -0.3760 -0.0290 1.762
Blank 0.0006 -0.015 0.0179 -0.0030 -0.0130 0.0030
Comp 02176 1.045 1.095 0.5464 0.5438 1.081
T107 0.0308 0.0027 0.0432 0.0048 0.0057 4.431
BPit-lNA, 0.0020 -0.0070 0.0075 -0.0070 -0.0270 0.0368
1:1000
BPit-lNA, 0.0144 -0.0050- 0.0122 -0.0120 -0.0170 0.5092
1:100
BPit-lNA, 0.1318 -0.0150 -0.0080 -0.0770 0.0011 4.997
1:10
BPit-lNA, 1.023 -0.1920 -02830 -0.6740 0.1097 48.33
neat
BPit-1 0.1354 -0.0280 -0.0110 -0.0720 0.0086 5.163
HCI, 1:10
BPit-1 0.9967 -02280 -0.1950 -0.6280 0.1032 47.94
HCI, neat
BPit-1, 0.1284 -0.0240 0.0008 •0.0780 0.0046 4.912
1:10
BPit-1, 1.010 -02380 -02170 -0.6350 0.0900 48.08
neat
Blank 0.0003 0.0066 0.0209 •0.0040 -0.0070 -0.0120
Comp 02148 0.9936 1.049 0.5160 0.5280 1.037
Blank -0.0012 0.0012 0.0036 -0.0102 -0.0077 0.0033 -0.0002
Comp 0.4069 2.132 2.003 2.061 0.9942 1.017 1.862
T107 0.0258 -0.0294 0.0301 6.593 0.0061 0.0041 3.793
SldgD 0.0019 0.0713 -0.0007 0.0167 -0.0113 0.0115 0.1092
SldgE •0.0004 0.0155 0.0067 0.0154 -0.0041 0.0008 0.0332
SldgF 0.0015 0.0024 -0.0062 0.0039 -0.0015 0.0098 0.0431
Sldg A 0.0123 31.46 0.1030 7.005 0.0114 0.0164 0.2351
1:10
Sldg B 0.0143 34.93 0.1068 7.541 -0.0062 0.0246 0.2231
1:10
SldgC 0.0175 36.79 0.1117 8.403 0.0050 0.0262 0.2114
1:10
Comp 0.4081 2.106 2.024 2.010 1.011 1.010 1.834
14-1 ® 0.0586 0.7717 0.0114 99.38 0.0173 0.0312 2.514
14-2 0.0559 1.540 0.0114 98.92 0.0101 0.0123 2.544
14-3 0.0545 1.905 0.0125 98.87 0.0164 0.0082 2.536
14-4 0.0576 -0.5331 0.0216 104.7 0.0134 0.0180 2.381
14-5 0.0584 -0.5733 0.0067 103.9 0.0191 0.0180 2.371
14-6 0.0565 -0.5615 0.0024 102.9 0.0103 0.0230 2.337
14-7® 0.0590 -0.5879 0.0064 103.9 0.0158 0.0156 2.233
















































































































































































No. Ag Al As B Ba
24 Apr 97 30 Apr97 FB 0.0022 0.0088 0.0041 0.0002 0.0009
24 Apr 97 30 Apr 97 14-1 ® -0.0010 10.55 0.0118 0.0005 0.0083
30 Apr97 Comp 0.1058 1.950 2.094 0.3845 0.2088
30 Apr 97 T107 0.0100 0.2355 0.0226 0.1235 0.2055
7 Apr 97 30 Apr 97 G150- 0.0037 0.0208 0.4568 0.0026 0.0012
7 Apr 97 30 Apr 97
1NA
(1:10)
G150- 0.0042 0.0207 0.1403 0.0024 0.0017
7 Apr 97 30 Apr97
2NA
(1:10)
GI50- 0.0044 0.0173 0.0217 0.0264 0.0044
7 Apr 97 30 Apr 97
4NA
(1:10)
G150- 0.0025 0.0140 0.0205 0.0300 0.0042
7 Apr 97 30 Apr 97
5NA
(1:10)
G150- -0.0434 0.0145 0.8698 -0.0812 -0.0815
7 Apr 97 30 Apr 97
6NA
(1:10)
G150- 0.0030 0.0175 0.2976 0.0109 0.0010
3 Apr 97 30 Apr 97
7NA 
(1:10) 
Sldg A 0.9615 70.58 0.0687 0.1171 9.774
3 Apr 97 30 Apr 97 SldgB 1.052 77.94 0.0610 0.1281 10.63
3 Apr 97 30 Apr 97 SldgC 1.091 84.30 0.0656 0.1352 11.16
24 Apr 97 30 Apr 97 14-7® -0.0004 12.84 0.0094 •0.0038 0.0013
30 Apr 97 Blank 0.0023 0.0130 0.0059 -0.0083 0.0006
30 Apr97 Comp 0.1029 1.931 2.014 0.3795 0.1975
5 May 97 Comp 0.1050 1.964 2.037 0.3870 0.2030
11 Mar 97 5 May 97 BPit-1 0.0100 2.506 0.0050 -0.0007 0.0007
5 May 97 5 May 97
1:100
BPit-1 0.0033 2.501 0.0140 -0.0028 0.0015
5 May 97
1:100
Comp 0.1050 1.920 2.122 0.3780 02180
9 May 97 Blank 0.0002 0.0042 0.0020 •0.0016 0.0000
9 May 97 Comp 0.1043 1.937 2.099 0.3858 02060
9 May 97 T107 0.0021 0.2313 0.0160 0.1335 02058
8 May 97 9 May 97 28-1 -0.0036 10.57 0.0055 0.0047 0.0051
8 May 97 9 May 97 28-2 -0.0028 10.63 0.0005 0.0070 0.0043
8 May 97 9 May 97 28-3 -0.0042 10.92 0.0045 0.0064 0.0041
8 May 97 9 May 97 28-4® -0.0038 12.84 0.0030 0.0021 0.0014
8 May 97 9 May 97 28-5 -0.0039 12.77 0.0035 0.0021 0.0017
8 May 97 9 May 97 28-6 -0.0035 12.66 -0.0035 0.0018 0.0013
8 May 97 9 May 97 28-7 -0.0027 12.69 0.0080 0.0001 0.0004
8 May 97 9 May 97 28-4® -0.0034 13.06 -0.0010 0.0017 0.0019
8 May 97 9 May 97 FB 0.0004 0.0113 •0.0005 0.0079 0.0005
9 May 97 Blank 0.0006 0.0079 -0.0030 -0.0037 0.0002
9 May 97 Comp 0.1034 1.978 2.051 0.3874 02052
9 May 97 T107 0.0062 0.2325 0.0235 0.1335 02055
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Sample Be Ca Cd Co Cr Cu Fe
No.
FB 0.00004 0.0379 •0.0002 -0.0008 •0.0005 -0.0003 0.0020
14-1 ® 0.00227 29.96 0.1097 0.0653 0.0007 6.553 0.4631
Comp 0.19496 2.046 0.4244 0.4028 1.010 03882 2.054
T107 0.01123 12.175 0.0161 0.0106 0.0133 0.0275 0.0593
G150- 0.00005 32.65 0.0018 0.0055 0.0007 -0.0015 0.0065
1NA
(1:10)
G150- 0.00004 27.41 0.0011 0.0004 0.0000 -0.0013 0.0049
2NA
(1:10)
G150- 0.00004 39.67 0.0001 -0.0002 0.0012 -0.0019 0.0211
4NA
(1:10)
G150- 0.00003 3821 0.0006 0.0118 0.0005 -0.0015 03802
5NA 
(1:10) 
G ISO- 0.00740 25.62 0.0149 0.1183 -0.1331 0.0923 1227
SNA
(1:10)
G150- 0.00005 30.06 0.0004 0.0014 0.0006 -0.0011 0.0050
7NA
(1:10)
Sldg A 0.00138 254.1 0.0413 0.0239 03329 5.824 63.52
Sldg B 0.00219 2782 0.0465 0.0249 03541 6.322 70.47
SldgC •0.00006 287.5 0.0463 0.0284 03847 6.676 80.19
14-7® 0.00301 23.09 0.1194 0.0678 0.0000 7.738 4.678
Blank 0.00009 -0.0037 0.0016 -0.0023 •0.0003 0.0001 0.0069
Comp 0.19191 1.932 0.4079 03842 0.9638 0.3848 1.955
Comp 0.19300 1.952 0.4100 0.3910 0.9850 03870 1.975
BPit-1 0.00057 4.538 0.0227 0.0141 0.0022 1.550 0.7283
1:100
BPit-1 0.00058 5.119 • 0.0258 0.0166 0.0021 1.493 0.9467
1:100
Comp 0.19400 2.166 0.4470 0.4170 1.031 0.3700 2.098
Blank -0.00004 -0.0001 -0.0001 -0.0003 -0.0002 0.0008 -0.0012
Comp 0.19332 2.008 0.4122 03909 0.9924 0.3886 2.020
T107 0.01115 11.87 0.0147 0.0113 0.0137 0.0285 0.0618
28-1 0.00211 29.73 0.1067 0.0638 0.0004 6.5% 0.7246
28-2 0.00212 30.46 0.1079 0.0645 0.0014 6.600 0.7362
28-3 0.00215 30.08 0.1078 0.0642 0.0009 6.583 1.349
28-4® 0.00281 25.56 0.1138 0.0679 0.0007 7329 4.420
28-5 0.00280 25.39 0.1131 0.0675 0.0012 7.194 4.433
28-6 0.00282 25.25 0.1129 0.0670 0.0022 7.101 4.481
28-7 0.00290 22.71 0.1157 0.0672 0.0004 7.758 4.718
28-4 ® 0.00289 25.71 0.1149 0.0675 0.0001 7.337 4.415
FB 0.00001 0.0549 -0.0002 •0.0009 -0.0010 0.0004 -0.0007
Blank -0.00001 -0.0003 -0.0002 -0.0007 0.0001 0.0003 0.0011
Comp 0.19515 2.023 0.4184 0.3936 0.9755 0.3921 2.000
T107 0.01123 11.96 0.0154 0.0111 0.0141 0.0282 0.0283






























































































































































































































































































































































































































































































































































































































































































































































with permission of the copyright owner. Further reproduction prohibited without permission.
From this point on, samples are corrected for dilution.
Date of Date Sample
Sampling Analyzed No. Ag
11 Jun 97 Blank 0.0024
11 Jun 97 Comp 0.0993
11 Jun 97 T107 0.0050
5 Jun 97 11 Jun 97 56-1 ® -0.0417
5 Jun 97 11 Jun 97 56-2 -0.0652
11 Jun 97 T107 0.0054
11 Jun 97 Comp 0.0989
5 Jun 97 11 Jun 97 56-3 -0.0607
5 Jun 97 11Jun 97 56-4 -0.0859
5 Jun 97 11Jun 97 56-5 -0.0667
5 Jun 97 11 Jun 97 56-6 -0.0540
5 Jun 97 11 Jun 97 56-7 -0.0236
5 Jun 97 11 Jun 97 FB 0.0011
5 Jun 97 11Jun 97 56-1 ® -0.0447
11 Jun 97 Comp 0.0980
11 Jul 97 Blank 0.0021
11 Jul 97 Comp 0.1015
11 Jul 97 T107 0.0070
UJul 97 11 Jul 97 FB 0.0014
1 Uul 97 11 Jul 97 7-7 -0.0287
UJul 97 11 Jul 97 7-8® -0.0093
UJul 97 11 Jul 97 7-9 -0.0376
1 lJul 97 11 Jul 97 7-10 -0.0227
3 Jul 97 11 Jul 97 FB 0.0015
3 Jul 97 11 Jul 97 84-1 -0.0459
3 Jul 97 11 Jul 97 84-2 -0.0457
3 Jul 97 11 Jul 97 84-3 -0.0392
11 Jul 97 Comp 0.0995
11 Jul 97 T107 0.0087
11 Jul 97 11 Jul 97 7-8® •0.0384
3 Jul 97 11 Jul 97 84-4 -0.0336
3 Jul 97 11 Jul 97 84-5 -0.0507
3 Jul 97 11 Jul 97 84-6 -0.0331
3 Jul 97 11 Jul 97 84-7 -0.0565
11 Jul 97 Comp 0.0993
5 Aug 97 Blank 0.0018
5 Aug 97 Comp 0.1132
5 Aug 97 T107 0.043
18Jul97 S Aug 97 14-7 -0.1027
31 Jul 97 5 Aug 97 28-7 -0.0596
18 Jul 97 5 Aug 97 14-8® -0.0367
18 Jul 97 5 Aug 97 14-9 -0.0689
18 Jul 97 5 Aug 97 14-10 -0.0378
18 Jul 97 5 Aug 97 FB 0.0016
31Jul 97 5 Aug 97 28-8 -0.0490
31 Jul 97 5 Aug 97 28-9 -0.0453
31 Jul 97 5 Aug 97 28-10 -0.0595
18 Jul 97 5 Aug 97 14-8® -0.0408
31 Jul 97 5 Aug 97 FB 0.0021
5 Aug 97 Blank 0.0020
5 Aug 97 Comp 0.1098
Al As B Ba
0.0105 0.0087 •0.0008 0.0003
1.994 2.056 0.3943 0.2056
0.2287 0322 0.1370 02065
2353 03786 0.1472 0.0669
229.0 0.0692 0.1701 0.0607
03340 0.0147 0.1370 0.2050
1.945 2.045 0.3891 02048
225.9 0.1855 0.1777 0.0720
255.9 03438 0.1115 0.0284
256.6 0.1391 0.1161 0.0396
255.4 0.1974 0.0742 0.0242
252.4 03603 0.0538 0.0055
0.0139 0.0029 0.0195 0.0003
229.5 0.3019 0.1562 0.0661
1.953 2.034 0.3874 0.2063
0.0042 0.0050 -0.0014 0.0001
0.1969 2.044 0.3895 0.2021
03089 0.0102 0.1333 02015
0.0034 0.0050 0.0066 0.0003
242.8 03911 0.0407 0.0014
39.15 0.1676 0.0871 0.0984
49.77 0.1229 0.0947 0.0943
56.40 0.0893 0.0890 0.0997
0.0072 0.0044 0.0092 0.0004
223.9 0.1788 0.1170 0.0674
221.4 03013 0.0956 0.0632
2173 03125 0.0908 0.06%
1.959 1.984 0.3818 0.1979
0.2250 0.0180 0.1330 0.1993
38.87 0.0668 0.0989 0.0975
259.6 03238 0.0466 0.0290
253.9 0.1791 0.0432 0.02%
255.6 03015 0.0325 0.0260
2453 0.0000 0.0232 0.0143
1.932 2.017 0.3810 0.2004
0.0010 -0.0019 -0.0010 0.0004
1.927 2.048 0.3828 0.2041
03252 0.0126 0.1335 0.2025
242.7 0.1241 0.0516 0.0132
2403 0.0246 0.0417 0.0123
13.61 0.0245 0.0710 0.0696
19.17 -0.0501 0.0824 0.0703
26.66 0.0992 0.0846 0.0764
-0.0021 0.0043 0.0073 0.0008
4326 -0.1870 0.0738 0.0613
7.177 -0.0377 0.0828 0.0589
9340 0.0867 0.0824 0.0558
14.01 0.0121 0.0614 0.0742
-0.0004 0.0062 0.0034 0.0012
0.0060 0.0037 -0.0024 0.0008
1.864 1.992 0.3703 02039




Blank 0.00004 -0.0030 0.0003
Comp 0.19482 1.985 0.4110
T107 0.01128 11.90 0.0152
56-1 ® 0.04420 604.5 2.213
56-2 0.04227 607.5 2.157
T107 0.01134 11.87 0.0155
Comp 0.19515 1.970 . 0.4109
56-3 0.04427 603.8 2.178
56-4 0.05515 510.7 2.266
56-5 0.05649 509.9 2.262
56-6 0.05730 505.1 2.256
56-7 0.05759 448.3 2.300
FB 0.00004 0.1865 0.0008
56-1® 0.04527 605.7 2.199
Comp 0.19621 1.992 0.4158
Blank 0.00005 -0.0005 0.0003
Comp 0.20334 1.933 0.4039
T107 0.01152 11.45 0.0139
FB 0.00003 0.0224 •0.0001
7-7 0.05695 425.1 2.187
7-8® 0.01260 517.3 1.567
7-9 0.01541 539.8 1.727
7-10 0.01692 535.8 1.649
FB 0.00007 0.0336 0.0001
84-1 0.04410 577.9 2.122
84-2 0.04441 596.0 2.138
84-3 0.04417 570.2 2.085
Comp 0.20075 1.907 0.4015
T107 0.01170 11.60 0.0147
7-8® 0.01193 541.8 1.606
84-4 0.05994 500.8 2.251
84-5 0.05771 490.1 2.194
84-6 0.05870 485.6 2.188
84-7 0.05582 439.5 2.230
Comp 0.20048 1.931 0.4043
Blank 0.00006 -0.0007 0.0005
Comp 0.20188 1.942 0.4059
T107 0.01166 11.64 0.0147
14-7 0.05585 446.5 2224
28-7 0.05587 444.7 2231
14-8® 0.00429 501.3 1.506
14-9 0.00549 505.3 1.651
14-10 0.00880 514.9 1.657
FB 0.00007 0.0357 -0.0002
28-8 0.00017 475.1 1276
28-9 0.00095 483.5 1.578
28-10 0.00267 479.8 1.546
14-8® 0.00509 503.3 1.528
FB 0.00002 0.0872 0.0001
Blank 0.00000 0.0003 0.0005
Comp 0.19889 1.966 0.4077
156
Co Cr Cu Fe
-0.0007 •0.0002 -0.0007 0.0026
02931 0.9902 0.4019 2.003
0.0111 0.0143 0.0285 0.0306
1.319 -0.0349 144.7 2522
1.309 -0.0324 1422 2329
0.0104 0.0138 0.0271 0.0615
0.3921 0.9823 02884 1.986
1.305 •0.0490 135.5 36.44
1.381 -0.0432 141.7 98.34
1261 -0.0315 141.6 1032
1246 -0.0412 140.7 101.8
1.346 -0.0271 153.9 93.52
•0.0006 -0.0011 0.0017 0.0038
1.308 -0.0517 140.7 25.33
0.3952 0.9822 0.3877 1.995
-0.0003 0.0004 -0.0003 -0.0007
0.3962 1.005 0.3910 1.942
0.0111 0.0157 0.0280 0.0300
-0.0011 0.0003 0.0002 -0.0016
1294 -0.0351 147.4 85.85
1222 0.0705 68.33 2.108
1279 0.0171 86.44 2250
1260 0.0373 79.98 2.512
•0.0009 0.0003 -0.0003 -0.0005
1275 0.0117 136.9 31.37
1293 •0.0006 135.6 30.60
1.249 -0.0103 129.3 41.01
0.3919 0.9747 02844 1.897
0.0105 0.0156 0.0272 0.0563
1284 0.0400 68.50 2.087
1.351 0.0231 141.8 77.19
1.353 -0.0004 137.8 100.8
1.308 0.0158 138.0 98.73
1.360 •0.0204 150.3 91.18
0.3944 0.9870 0.3819 1.921
-0.0002 -0.0004 -0.0002 0.0005
0.3928 0.9889 0.3786 1.941
0.0119 0.0149 0.0274 0.0279
1.361 0.0914 148.4 91.56
1.356 0.0722 145.3 90.41
1.278 0.0825 4921 1200
1207 0.0810 67.89 1.602
1.300 0.0813 66.47 1.990
-0.0007 -0.0007 -0.0003 0.0002
1.280 0.0940 27.86 0.4462
1296 0.0819 47.48 0.6227
1292 0.0713 46.79 1.056
1.288 0.0833 50.37 1234
0.0004 0.0000 0.0000 0.0031
-0.0004 0.0005 -0.0002 0.0013
0.3919 0.9765 0.3586 1.929




Hg K Li Mg Mn Mo Na
Blank 0.0042 -0.0689 -0.0004 0.0000 0.0000 -0.0002 0.0158
Comp 0.4141 3.813 0.9769 2.004 0.3922 1.958 2.013
T107 0.0034 0.8324 0.1928 2.145 0.0444 0.0150 2222
56-1 ® 0.0332 16.64 02433 4512 189.7 0.0324 75.02
56-2 0.0704 1821 02472 449.9 1912 0.0514 74.64
T107 -0.0005 0.7747 0.1959 2.163 0.0441 0.0138 22.69
Comp 0.4129 3.780 0.9810 2.015 03897 1.943 2.012
56-3 0.0938 17.80 02535 455.9 192.8 0.0343 76.76
56-4 0.0220 4243 02643 424.8 203.4 0.0533 75.06
56-5 0.0908 3262 02663 425.7 2012 0.0419 75.56
56-6 0.0071 2.849 02676 4232 198.4 0.0229 70.15
56-7 0.0758 -3234 02520 419.8 195.0 -0.0152 69.62
FB 0.0042 -0.0750 •0.0003 0.0615 0.0003 0.0004 6.162
56-1 ® 0.0610 16.39 02465 454.6 190.8 0.0095 76.57
Comp 0.4069 3.791 0.9815 2.020 0.3903 1.964 2.106
Blank -0.0050 -0.0673 0.0002 •0.0003 0.0000 0.0001 0.0127
Comp 0.4168 4.029 0.9883 2.026 0.4106 1.970 2.024
T107 -0.0032 0.8774 0.1903 2.134 0.0478 0.0149 21.12
FB -0.0036 -0.0818 0.0003 0.0141 0.0007 -0.0001 0.3066
7-7 -0.1473 -2.546 02421 401.6 193.9 0.0109 64.14
7-8® -0.1225 13.14 02420 569.3 182.3 -0.0181 65.81
7-9 -0.1752 13.85 02385 573.7 190.6 0.0109 66.87
7-10 -0.1716 14.06 02410 564.6 186.1 0.0090 66.74
FB -0.0091 -0.0786 0.0002 0.0217 0.0003 -0.0013 0.5171
84-1 -0.1528 15.97 02397 440.9 189.6 0.0145 66.65
84-2 -02023 17.14 02414 446.3 191.9 0.0036 66.89
84-3 -0.1804 15.71 02377 437.1 188.0 0.0054 65.72
Comp 0.4064 3.898 0.9663 1.996 0.4057 1.920 2.005
T107 •0.0048 0.7938 0.1856 2.135 0.0483 0.0129 21.06
7-8® -0.01576 1425 02377 570.6 187.7 0.0344 65.71
84-4 -0.1230 2.441 02588 418.8 202.5 -0.0091 66.13
84-5 -0.1602 2.745 02341 414.1 198.4 -0.0109 66.76
84-6 -0.1694 2.100 02604 414.6 197.8 0.0109 66.79
84-7 -0.1148 -0.9275 02463 407.7 198.3 0.0290 63.64
Comp 0.4105 3.869 0.9407 1.976 0.4057 1.945 1.994
Blank •0.0218 -0.0901 0.0001 -0.0001 0.0000 0.0009 0.0058
Comp 0.4024 4.080 0.9838 2.028 0.4072 1.951 2.005
T107 -0.0176 0.8476 0.1937 2.175 0.0482 0.0145 22.10
14-7 -0.3315 0.7975 02597 415.6 199.6 0.0528 64.75
28-7 -02673 0.1466 02428 409.6 198.5 0.0645 62.95
14-8® -0.3983 16.81 02320 5952 187.0 0.0528 63.85
14-9 -0.3334 16.30 02391 586.6 189.8 0.0528 65.74
14-10 -0.3976 15.92 02463 593.3 191.0 0.0371 67.39
FB -0.0183 -0.0258 0.0001 0.0158 0.0002 0.0002 0.4557
28-8 -0.4037 16.48 02343 606.1 1852 0.0606 64.65
28-9 -0.4424 16.04 02470 604.3 189.6 0.0626 67.64
28-10 -0.4672 1623 02475 614.9 189.7 0.0450 68.54
14-8® -0.3880 15.45 02373 607.3 189.7 0.0664 67.17
FB -0.0215 0.0056 -0.0002 0.0293 0.0004 0.0005 0.4976
Blank -0.0265 •0.0686 •0.0001 0.0002 0.0001 -0.0009 0.0271
Comp 0.3964 3.893 0.9069 1.957 0.4034 1.923 1.914



















































































































































































































Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Sample
No.
Sn Sr TI TI V Zn
Blank •0.0066 0.0000 0.0008 0.0104 0.0004 -0.0008
Comp 0.8210 0.0429 1.034 1.400 0.3844 0.9797
T107 0.0019 0.0135 0.0024 0.0065 0.0167 0.0795
56-1 IS) -0.3950 0.3821 0.1629 -0.6417 0.0442 420.6
56-2 -0.3409 0.3922 0.1617 -0.4295 0.0324 419.7
T107 -0.0050 0.0137 0.0016 0.0029 0.0175 0.0788
Comp 0.8137 0.0433 1.036 1.027 0.3860 0.9782
56-3 -0.2867 0.3910 0.1536 0.1210 0.0500 424.5
56-4 -0.3409 0.3284 0.1725 -0.1620 0.0497 436.6
56-5 -0.3718 0.3303 0.1619 0.1510 0.0679 433.9
56-6 -0.4028 0.3265 0.1605 •0.0098 0.0634 428.6
56-7 -0.3486 03139 0.1702 -0.0411 0.0479 430.8
FB -0.0023 0.0000 0.0000 -0.0019 0.0017 0.0224
56-1 ® -0.3873 0.3865 0.1509 -02825 0.0617 421.6
Comp 0.8214 0.0435 1.041 1.031 0.3874 0.9818
Blank •0.0066 0.0000 0.0003 0.0018 0.0007 -0.0003
Comp 0.8293 0.1958 1.006 1.039 0.3865 1.009
T107 0.0000 0.0608 0.0022 •0.0043 0.0166 0.0776
FB -0.0046 0.0001 0.0005 •0.0061 0.0016 -0.0020
7-7 -0.4335 1.303 0.1662 0.0064 0.0259 423.1
7-8® -0.4026 1342 0.1693 0.0002 0.0471 3772
7-9 -0.4721 1.394 0.1492 -0.0409 0.0356 404.8
7-10 -0.4025 1357 0.1567 •0.0216 0.0355 390.3
FB -0.0077 0.0000 0.0005 0.0000 0.0013 -0.0014
84-1 -0.3251 1.617 0.1367 0.0782 0.0535 416.8
84-2 -0.4489 1.654 0.1464 •0.0188 0.0531 422.7
84-3 -0.4025 1.602 0.1447 -0.0855 0.0521 412.7
Comp 0.8169 0.1922 0.9903 1.004 0.3798 0.9929
T107 -0.0039 0.0602 0.0023 0.0018 0.0172 0.0770
7-8® -0.3330 1.371 0.1780 -0.1739 0.0248 385.4
84-4 -0.4722 1.395 0.1590 -0.0863 0.0629 4352
84-5 -0.4102 1.387 0.1437 0.0217 0.0802 427.9
84-6 -0.4025 1.389 0.1332 0.0022 0.0725 424.0
84-7 -0.3871 1.330 0.1665 0.0391 0.0504 436.9
Comp 0.8351 0.1912 0.9878 1.008 0.3786 0.9966
Blank -0.0023 0.0000 •0.0002 0.0009 0.0007 -0.0002
Comp 0.8231 0.1935 1.012 0.9906 0.3831 1.007
TI07 0.0012 0.0615 0.0012 0.0047 0.0170 0.0784
14-7 -0.3002 1.349 0.1153 0.2643 0.0060 440.8
28-7 -0.4541 1.314 0.1309 0.3350 0.0002 438.3
14-8® -0.4079 1.311 0.1302 02385 -0.0107 391.0
14-9 •0.3848 1.348 0.0933 0.2664 -0.0012 406.4
14-10 -0.4002 1.342 0.0962 0.0284 0.0081 404.0
FB 0.0035 0.0000 0.0015 0.0168 0.0000 -0.0031
28-8 -02538 1.295 0.0036 0.0811 -0.0052 377.7
28-9 -0.3695 1.332 0.1213 02476 0.0084 399.9
28-10 -0.3079 1.327 0.1118 0.1358 0.0208 3962
14-8® -0.3387 1.339 0.1079 0.0800 0.0199 393.6
FB -0.0019 0.0000 0.0021 0.0084 -0.0010 -0.0021
Blank 0.0027 -0.0001 0.0015 0.0056 -0.0007 0.0004
Comp 0.8185 0.1853 0.9862 0.9977 0.3721 0.9994
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Date of Date Sample
Sampling Analyzed No. Ag
3 Sep 97 Comp 0.1061
3 Sep 97 T143 0.0229
3 Sep 97 T145 0.0088




28 Aug 97 3 Sep 97 56-8® -0.0682
28 Aug 97 3 Sep 97 56-9 -0.0307
28 Aug 97 3 Sep 97 56-10 -0.0481
28 Aug 97 3 Sep 97 56-7 -0.0743
28 Aug 97 3 Sep 97 FB 0.0004
28 Aug 97 3 Sep 97 56-8® -0.0517
3 Sep 97 Comp 0.1056
3 Sep 97 Blank -0.0005
30 Sep 97 Blank <0.000
30 Sep 97 Comp 0.1087
30 Sep 97 Std4 -0.0033
25 Sep 97 30 Sep 97 84-7® -0.1399
25 Sep 97 30 Sep 97 84-8® -0.0644
25 Sep 97 30 Sep 97 84-9 -0.0950
25 Sep 97 30 Sep 97 84-10 -0.1102
30 Sep 97 Comp 0.1035
30 Sep 97 Comp 0.1078
25 Sep 97 30 Sep 97 84-8® -0.1088
25 Sep 97 30 Sep 97 168-1 -0.1159
25 Sep 97 30 Sep 97 168-2 •0.1018
25 Sep 97 30 Sep 97 168-3 -0.1720
30 Sep 97 Comp 0.1051
30 Sep 97 Comp 0.1083
25 Sep 97 30 Sep 97 84-7® -0.1472
25 Sep 97 30 Sep 97 FB -0.0027
30 Sep 97 Comp 0.1084
21 Nov 97 Blank 0.0056
21 Nov 97 Comp . 3.489
21 Nov 97 T107 0.0579
21 Nov 97 T145 0.3127
20 Nov 97 21 Nov 97 140-7 -3.542
20 Nov 97 21 Nov 97 140-9® -1.544
20 Nov 97 21 Nov 97 140-8 -0.9713
20 Nov 97 21 Nov 97 140-10 -1.522
20 Nov 97 21 Nov 97 FB -0.0041
20 Nov 97 21 Nov 97 140-9® -1.416
21 Nov 97 Comp 3.462
Al As B Ba
2.021 2.084 0.4031 0.2036
0.0337 0.0142 0.0340 0.0845
0.0739 0.0020 0.0464 0.0385
15.80 0.8000 -1.600 0.5000
1.476 -0.0518 0.0751 0.0385
3.048 -0.0382 0.0654 0.0314
3.173 -0.1332 0.0727 0.0357
265.4 0.0162 0.0474 0.0039
0.0091 0.0008 0.0232 0.0005
1.636 0.0567 0.0737 0.0330
2.092 2.070 0.4094 0.2005
0.0017 •0.0060 -0.0009 •0.0003
<0.000 <0.000 <0.000 <0.000
1.983 2.067 03898 03039
0.0007 -0.0040 -0.0001 0.9992
238.4 0.0263 0.0597 -0.0017
0.4488 0.1058 0.0744 0.0396
1.064 0.0129 0.0693 0.0446
1.096 0.1590 0.0782 0.0397
1.864 1.959 0.3669 1.1956
1.972 2.038 03879 02012
0.3517 -0.0137 0.1072 0.0360
191.1 0.0128 0.1286 0.0523
190.5 -0.0005 0.1456 0.0416
186.5 0.0127 0.1496 0.0393
1.909 1.984 0.3751 0.1964
1.985 2.052 03909 02005
250.7 -0.0669 0.0859 -0.0123
-0.0072 0.0013 0.0116 0.0000
1.978 1.994 03876 0.1978
0.0010 -0.0053 •0.0014 -0.0003
1.919 2.009 0.3797 02003
0.2286 0.0126 0.1357 02040
0.0799 0.0087 0.0453 0.0396
247.5 -0.1310 0.0806 0.0063
0.3052 -0.0956 0.0867 0.0459
0.3821 -0.0361 0.0650 0.036S
0.4625 -0.1073 0.0625 0.0369
0.0019 -0.0066 0.0193 -0.0001
0.3354 •0.0004 0.0754 0.0526
1.948 1.991 0.3820 0.1990
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Sample Be Ca Cd
No.
Comp 020827 1.94 0.4047
T143 0.00895 53.18 0.0198
T145 0.00964 30.43 0.0088
Dolomite -.03000 8763 -0.3000
digest
1:1000*
56-8® •0.00060 462.8 1217
56-9 0.00033 461.6 1.425
56-10 0.00127 459.5 1.373
56-7 0.06354 4372 2273
FB 0.00010 0.1503 0.0011
56-8® 0.00007 465.4 1238
Comp 02113 1.934 0.4112
Blank 0.00004 -0.0010 0.0001
Blank 0.0000 0.0004 <0.000
Comp 020246 1.926 0.4008
Std4 0.00001 •0.0060 -0.0001
84-7® 0.05740 432.3 2.192
84-8® -0.00084 442.1 0.9784
84-9 •0.00089 454.7 1211
84-10 -0.00120 4572 1.152
Comp 0.19351 1.853 02859
Comp 020077 1.899 0.3973
84-8® -0.00116 447.0 0.9898
168-1 0.03929 553.5 2.033
168-2 0.04020 560.8 2.073
168-3 0.03799 544.0 2.009
Comp 0.19634 1.853 0.3885
Comp 020262 1.889 0.3965
84-7® 0.05824 421.6 2.156
FB -0.00003 0.0583 -0.0006
Comp 020098 1.886 0.3975
Blank 0.00001 -0.0003 0.0001
Comp 0.19762 1.871 0.3847
T107 0.01165 11.54 0.0146
T145 0.00952 30.83 0.0095
140-7 0.05313 429.5 2.166
140-9 ® 0.00037 441.8 1.002
140-8 0.00071 444.3 0.8280
140-10 -0.00024 450.8 0.9713
FB 0.00001 0.1705 0.0005
140-9 ® -0.00029 448.9 1.005
Comp 0.19854 1.876 0.3894
161
Co Cr Cu Fe
02996 1.018 0.4058 1.963
0.0171 0.0381 0.0224 02293
0.0108 0.0171 0.0106 0.1058
0.5000 2.400 •0.1000 38.90
1.282 0.0822 7.025 2.340
1282 0.049 18.94 2.461
1276 0.0674 12.41 7.912
1245 0.0388 163.5 9023
•0.0014 -0.0007 0.0008 0.0014
1269 0.0747 7242 2.301
0.4009 0.9955 0.4140 1.934
-0.0005 0.0001 0.0000 -0.0030
0.0015 <0.000 0.0001 <0.000
0.3903 1.014 02935 1.938
0.0013 0.0018 -0.0009 0.0012
1.302 -0.0106 144.5 89.13
1.190 0.0265 1.172 4.144
1217 0.0399 4.941 4.992
1231 0.0453 2.449 11.94
02743 0.9662 0.3646 1.852
0.3858 0.9963 0.3894 1.912
1203 0.0406 1219 4200
1221 -0.0030 122.5 4925
1210 -0.0322 123.7 50.51
1233 -0.0030 118.7 59.87
0.3765 0.9713 02734 1.864
0.3862 1.003 0.3943 1.915
1.302 -0.0057 155.1 8926
0.0015 0.0003 0.0006 -0.0075
0.3825 0.9760 0.3877 1.879
0.0003 -0.0005 0.0006 0.0012
0.3735 0.9867 0.3812 1.972
0.0108 0.0150 0.0287 0.0604
0.0099 0.0172 0.0100 0.1151
1280 -0.0438 151.1 94.89
1.147 0.0907 1.538 0.7387
1.149 0.0793 0.5935 2.202
1.175 0.0715 0.9833 6.800
•0.0001 •0.0001 0.0010 0.0018
1.180 0.0586 1.540 0.7325
0.3749 0.9713 0.3831 0.3729




Comp 0.4214 4.320 1.097
T143 0.0040 2.757 0.0185
T145 0.0011 2.508 0.02%
Dolomite 8.400 29.60 -0.1000
digest
1:1000
56-8® 0.1174 17.81 0.2900
56-9 0.1961 16.21 0.2887
56-10 0.0823 17.92 0.3175
56-7 0.1282 -3.984 0.3246
FB 0.0054 -0.2150 0.0002
56-8® 0.1693 17.52 03091
Comp 0.4231 4.748 1.231
Blank 0.0049 -0.1523 0.0000
Blank <0.000 0.0012 0.0004
Comp 0.4148 4.011 0.9791
Std4 10.02 -0.0359 -0.0001
84-7® 1.295 0.3166 03385
84-8® 0.4462 16.03 0.2262
84-9 0.0894 16.25 03297
84-10 0.0199 18.73 03270
Comp 0.4015 3.775 0.9057
Comp 0.4118 3.923 0.%16
84-8® -0.0553 16.78 03306
168-1 •0.0494 17.42 03215
168-2 -0.0650 15.49 03460
168-3 -0.1077 19.07 03567
Comp 0.3972 3.863 0.9406
Comp 0.4108 4.010 0.9955
84-7® -0.0840 -1.344 03654
FB 0.0019 0.0650 0.0002
Comp 0.4065 3.941 0.9817
Blank -0.0005 -0.0233 0.0002
Comp 0.3971 4.087 1.013
T107 -0.0039 0.8212 0.2040
T145 0.0019 2.197 0.0272
140-7 -0.0422 -1.562 03565
140-9 ® •0.0890 13.48 03465
140-8 0.0017 14.95 03418
140-10 0.0023 15.29 03475
FB -0.0038 -0.0822 •0.0001
140-9® -0.0408 13.10 03394
Comp 0.4022 3.922 0.9938
162
Mg Mn Mo Na
2.121 0.4183 2.013 2.138
11.03 0.0194 0.0372 36.14
9390 0.0225 0.0088 46.04
5537 8.500 0.6000 7.600
688.4 192.5 0.0452 7732
674.9 194.3 0.0655 78.95
689.1 193.3 0.0398 86.87
456.0 206.8 0.0248 8330
0.0490 0.0003 0.0000 6.576
707.5 195.5 0.0420 8432
2.197 0.4217 1.992 2.451
0.0000 0.0000 0.0002 -0.0329
0.0005 <0.000 0.0013 <0.000
2.031 0.4071 1.986 1.946
0.0002 -0.0001 0.0054 -0.0220
399.3 194.8 0.0214 60.60
6073 175.3 0.0642 69.10
606.3 1813 0.0257 60.83
6123 1813 0.0493 6136
1.913 03885 1.888 1.830
2.015 0.4031 1.957 1.925
629.4 179.8 0.0749 69.64
4223 182.4 0.0236 62.07
433.8 184.7 0.0300 66.07
442.7 1853 0.0792 6536
1.958 0.3930 1.904 1.877
2.040 0.4046 1.963 1.933
417.9 196.5 0.0471 64.69
00257 0.0003 0.0011 0.5693
2.014 0.4019 1.922 1.948
0.0001 0.0000 0.0009 -0.0068
2.008 03960 1.909 1.963
2.184 0.0482 0.0138 22.51
9.045 0.0220 0.0090 42.78
4153 1%.9 0.0139 68.40
631.3 178.2 0.0469 78.79
649.5 177.4 0.01% 66.72
644.7 1803 0.0000 66.99
0.0303 0.0002 0.0006 5.498
632.3 180.1 0.0313 77.96
2.011 0.3992 1.891 2.005
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Sample Ni P Pb
No.
Comp 0.41S0 2.072 1.963
T143 0.0703 0.0169 0.0917
T145 0.0056 0.0085 0.0170
Dolomite -4.400 28.40 1.000
digest
1:1000
56-8® 1.030 -5.032 3.321
56-9 1.099 -6.076 3.258
56-10 1.117 -6.140 3.367
56-7 1.187 -9.562 3.419
FB -0.0006 0.0084 -0.0045
56-8® 1.110 -6.231 3.175
Comp 0.4247 2.08 2.018
Blank -0.0015 0.0051 •0.0099
Blank <0.000 <0.000 <0.000
Comp 0.4094 2.001 1.908
Std4 -0.0043 -0.0768 9.976
84-7® 1.157 -9.239 4.016
84-8® 0.9735 -5.813 3.333
84-9 1.016 -6.192 3.649
84-10 1.001 -5.047 3.917
Comp 0.3937 1.827 1.845
Comp 0.4004 1.911 1.886
84-8® 0.9855 -5.813 3.456
168-1 1.114 60.81 3.603
168-2 1.154 58.93 3.494
168-3 1.094 55.87 3.330
Comp 0.3948 1.815 1.861
Comp 0.4022 1.883 1.886
84-7® 1.164 -8.990 3.793
FB •0.0004 -0.0017 -0.0006
Comp 0.4045 1.843 • 1.915
Blank 0.0003 0.0025 -0.0019
Comp 0.3859 2.022 1.927
T107 0.0263 -0.0222 0.0224
T145 0.0102 -0.0149 0.0064
140-7 1.183 -8.254 4.613
140-9® 0.9718 -4.787 4.019
140-8 0.9556 4.692 3.795
140-10 0.9780 -4.990 4.168
FB 0.0016 -0.0075 0.0050
140-9® 0.9718 -4.737 3.833
Comp 0.3930 2.022 1.943
163
S Sb Se Si
2.057 1.029 1.040 1.902
7.477 0.0262 0.0221 10.93
10.87 0.0208 0.0116 5.435
79.70 4.900 14.50 1720
1709 0.1887 0.3760 20.99
1668 02219 0.4427 20.43
1676 0.1652 0.4619 2329
2100 0.3604 0.5001 44.98
0.5122 -0.0171 0.0240 0.0542
1712 0.0342 0.3472 21.09
2.011 1.033 1.058 1.869
-0.0010 -0.0105 0.0088 -0.0022
<0.000 0.0016 <0.000 <0.000
<0.000 0.9963 0.9911 1.937
19.97 0.0261 -0.0081 10.10
2046 0.4121 -0.1624 43.95
1594 0.4237 -0.1263 1626
1564 0.3000 -0.0001 16.93
1661 0.4056 -0.1083 20.16
-0.0081 0.9348 0.9280 1.818
-0.0072 0.9902 0.9785 1.906
1662 0.4134 -0.2346 17.05
1895 0.6575 -0.3247 52.15
1874 02214 0.0901 52.89
2003 0.3100 -02165 55.44
-0.0095 0.9577 0.9533 1.849
-0.0053 1.006 0.9876 1.933
2099 02345 -0.1624 46.02
0.0859 0.0000 -0.0081 0.0202
-0.0130 0.9712 0.9686 1.875
-0.0037 0.0057 0.0112 0.0012
2.069 1.004 0.9997 1.871
6.642 0.0086 0.0233 3.760
10.93 0.0128 0.0152 5.426
2129 02877 02727 45.45
1638 02364 0.0641 12.32
1654 02288 0.1604 12.83
1683 02779 0.0962 15.51
0.3421 -0.0026 0.0064 0.0293
1646 0.1957 0.1925 12.39
2.050 0.9954 0.9933 1.835
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Date of Date Sample
Sampling Analyzed No. Ag








18 Dec 97 19 Dec 97 168-7 -4.510
18 Dec 97 19 Dec 97 168-8 ® -1.076
18 Dec 97 19 Dec 97 168-9 -1.503
18 Dec 97 19 Dec 97 168-10 -1.011
18 Dec 97 19 Dec 97 14-11 -4.118
18 Dec 97 19 Dec 97 FB* 0.0597
18 Dec 97 19 Dec 97 FB 0.0076
18 Dec 97 19 Dec 97 168-8 ® -1.235




11 Dec 97 19 Dec 97 7-11 -3.776
19 Dec 97 Blank 0.0502
19 Dec 97 Comp 3.865
17 Feb 97 Comp 0.0997
17 Feb 97 Blank <0.000
12 Feb 98 17 Feb 97 224-8® 0.0300
12 Feb 98 17 Feb 97 224-9 <0.000
12 Feb 98 17 Feb 97 224-10 <0.000
29 Jan 98 17 Feb 97 56-11 <0.000
1 Jan 98 17 Feb 97 28-11 <0.000
12 Feb 98 17 Feb 97 FB 0.0027
12 Feb 98 17 Feb 97 224-8® 0.0360
17 Feb 97 Comp 0.1016
5 Mar 98 Blank 0.0004
5 Mar 98 Comp 0.1050
5 Mar 98 TI43 - 0.0255
5 Mar 98 5 Mar 98 245-9 ® -0.0367
5 Mar 98 S Mar 98 245-8 0.0103
5 Mar 98 5 Mar 98 245-10 0.0169
5 Mar 98 5 Mar 98 245-7 -0.0597
5 Mar 98 5 Mar 98 FB 0.0005
26 Feb 98 5 Mar 98 84-11 -0.0714
5 Mar 98 5 Mar 98 245-9 ® 0.0045
26 Feb 98 5 Mar 98 FB 0.0010
26 Feb 98 5 Mar 98 FB* 0.0010
5 Mar 98 Comp 0.1058
Al As B Ba
0.0057 -0.0016 -0.0005 0.0003
0J2306 0.0185 0.1379 03076
1.908 1.976 0.3749 0.2015
0.0321 0.0200 0.0342 0.0863
247.2 0.0423 0.1243 0.0108
0.4146 -0.0112 0.0827 0.0343
0.4888 -0.0857 0.0993 0.0577
0.6385 -0.0323 0.0750 0.0369
62.86 -0.0215 0.0877 0.0297
0.0191 -0.0053 -0.0014 0.0007
0.0117 -0.0032 0.0057 0.0007
03564 0.1062 0.0746 0.0325
246.8 -0.0323 0.1259 0.0128
119.0 -0.1067 0.0768 0.0260
0.0155 -0.0032 -0.0014 0.0006
1.997 1.972 03858 0.2004
1.952 2.030 03872 03069
0.0046 <0.000 <0.000 0.0009
0.2980 0.1640 0.0500 0.0620
03054 0.0882 0.0501 0.0553
03783 03021 0.0629 0.0526
5.774 0.1390 0.0255 0.03898
21.96 0.1137 0.0437 0.0439
0.0054 0.0113 0.0183 0.0030
03000 0.0880 0.0520 0.0660
1.906 2.120 03842 03241
0.0097 0.0062 -0.0010 -0.0003
1.939 1.990 03772 03036
0.0394 0.0177 0.0342 0.0857
03617 0.0490 0.0812 0.0275
03555 0.1354 0.0826 0.0512
0.5102 0.0613 0.0837 0.0414
244.8 03342 0.1091 0.0140
0.0109 0.0062 0.0061 0.0000
3.420 0.1354 0.0684 0.0193
0.5181 0.1231 0.0726 0.0477
0.0142 0.0074 0.0095 -0.0001
0.0177 0.0074 -0.0014 -0.0001
1.943 2.018 0.3819 03075
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Sample . Be Ca Cd
No.
Blank 0.00000 -0.0004 -0.0002
T107 0.01172 11.73 0.0145
Comp 0.19628 1.906 0.3861
T143 0.00882 53.51 0.0196
168-7 0.0S248 435.3 2.188
168-8 ® -0.00044 441.2 0.7699
168-9 0.00003 433.5 0.9339
168-10 0.00006 435.0 0.8857
14-11 0.02333 509.9 2.074
FB* 0.00008 -0.0016 0.0009
FB 0.00004 0.0488 -0.0001
168-8® -0.00043 437.0 0.7549
BPit-2 0.05277 424.6 2.140
with
Dolomite
7-11 0.03706 553.7 2.097
Blank 0.00011 -0.0005 0.0003
Comp 0.20062 1.912 0.3940
Comp 020163 1.945 0.4035
Blank 0.00007 <0.000 0.0001
224-8® 0.00100 459.6 0.7220
224-9 0.00033 473.1 0.8953
224-10 0.00027 477.5 0.8570
56-11 0.00389 495.5 2.117
28-11 0.01098 545.0 2257
FB 0.00004 02559 <0.000
224-8® 0.00000 5162 0.7840
Comp 020712 2.196 0.4431
Blank 0.00002 0.0007 0.0002
Comp 0.19900 1.909 03949
T143 0.00887 55.33 0.0191
245-9 ® -0.00148 451.8 • 0.8210
245-8 -0.00067 4572 0.6816
245-10 -0.00090 466.4 0.8167
245-7 0.05675 437.9 2.181
FB 0.00002 0.0476 0.0000
84-11 0.00204 458.3 1.956
245-9 ® -0.00015 458.4 0.8390
FB 0.00002 0.0669 0.0004
FB* 0.00006 0.0040 0.0008
Comp 020114 1.950 0.3988
166
Co Cr Cu Fe
-0.0003 -0.0002 -0.0015 0.0009
0.0114 0.0152 0.0268 0.0585
0.3719 0.9694 0.3696 1.951
0.0157 0.0386 0.0199 02372
1295 0.0184 149.6 94.00
1.118 0.1125 0.5188 1.069
1.129 0.1021 1.484 0.1911
1.125 0.1057 0.7518 4.154
1253 0.0103 130.4 1.924
-0.0015 -0.0006 -0.0016 0.0005
•0.0008 -0.0005 -0.0016 -0.0004
1.111 0.1213 0.5219 0.9741
1271 0.0327 150.0 87.15
1271 0.0154 136.2 1.927
-0.0015 -0.0002 -0.0016 0.0023
03748 0.9498 0.3794 1.937
0.3897 0.9990 0.3778 2.014
<0.000 <0.000 <0.000 0.0003
1.150 0.0660 0.4200 0.4000
1217 0.0980 1.093 0.1705
1221 0.0851 0.6621 1.952
1399 0.0325 6420 0.7496
1.423 0.0246 104.0 1.992
0.0004 <0.000 0.0001 0.0064
1242 0.0740 0.3920 0.4660
0.4204 1.059 0.3569 2.158
-0.0004 0.0004 -0.0001 0.0043
0.3815 0.9575 03810 1.942
0.0170 0.0397 0.0206 02328
1.188 0.1419 1.056 0.2158
1.140 0.1420 0.4072 0.6049
1.180 0.1186 0.7420 2.318
1.315 0.0772 150.0 93.87
-0.0003 -0.0001 -0.0001 0.0024
1281 0.1395 23.93 0.0975
1.172 0.1348 1.059 02008
-0.0013 -0.0006 -0.0002 •0.0013
0.0000 -0.0008 -0.0004 0.0019
0.3868 0.9798 0.3808 1.981
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Sample Hg K Li
No.
Blank 0.0067 -0.0972 0.0000
T107 0.0057 0.7784 0.1956
Comp 0.4046 3.896 0.9785
T143 0.0029 2.497 0.0177
168-7 0.0396 -2.793 0.2610
168-8 0 0.0779 14.44 0.2400
168-9 0.0222 12.61 0.2430
168-10 0.0265 12.48 02395
14-11 0.0390 -3.221 02645
FB* •0.0002 -0.2874 0.0002
FB 0.0030 -0.1628 0.0000
168-8 O -0.0429 14.17 0.2436
BPit-2 0.0518 -3.794 02599
with
Dolomite
7-11 0.0176 -4.737 02595
Blank 0.0011 -02890 0.0002
Comp 0.4087 3.896 1.017
Comp 0.4141 4.029 0.9801
Blank 0.0000 <0.000 <0.000
224-8® <0.000 15.14 02180
224-9 <0.000 17.00 02152
224-10 0.0061 17.85 02149
56-11 0.0657 2.182 02107
28-11 0.0918 2.444 02075
FB <0.000 0.0974 0.0004
224-8® 0.0S20 16.49 0.1860
Comp 0.4431 3.817 0.8551
Blank 0.0025 -0.1470 -0.0001
Comp 0.4135 3.974 0.9716
T143 0.0017 2.482 0.0171
245-9 ® 0.0355 15.80 02347
245-8 0.0249 15.51 02275
245-10 0.0559 14.63 02374
245-7 0.0798 -3.211 02403
FB 0.0000 -0.1863 -0.0004
84-11 0.0595 -1.952 02004
245-9 ® 0.0358 14.08 0.2292
FB 0.0000 -02086 -0.0002
FB* -0.0015 -0.2096 -0.0002
Comp 0.4213 4.114 0.9922
167
Mg Mn Mo Na
-0.0001 0.0000 0.0003 -0.0062
2229 0.0489 0.0153 21.99
1.984 0.3974 1.888 1.943
10.81 0.0191 0.0359 35.09
418.0 198.6 0.0551 67.92
651.1 175.0 0.0568 64.79
635.9 176.1 0.03% 6521
647.8 176.3 0.0327 66.98
5982 195.9 0.0603 69.65
0.0007 0.0006 -0.0002 -0.0037
0.0109 0.0000 -0.0002 0.3469
654.9 174.4 0.0344 66.76
4162 195.3 0.0293 69.54
569.8 1%.8 0.0189 68.36
0.0007 0.0003 -0.0004 -0.0048
2.039 0.4053 1.882 2.107
2.039 0.4093 1.941 2.016
0.0001 <0.000 <0.000 <0.000
645.4 17524 <0.000 66.46
635.4 182.9 0.0204 61.98
640.4 181.1 0.0143 61.77
614.4 203.6 0.0348 58.57
595.5 208.6 0.0286 58.49
0.0562 0.0002 <0.000 4.306
6372 186.1 0.0000 61.02
1.993 0.4323 2.043 1.885
-0.0002 0.0004 0.0001 0.0103
2.021 0.4051 1.901 2.068
10.85 0.0195 0.0353 35.48
6562 179.1 0.0344 67.49
668.6 176.3 0.0162 74.88
6772 181.0 0.0303 73.38
415.4 200.0 0.0486 7327
0.0198 0.0005 -0.0011 0.4705
656.5 199.5 0.0283 69.36
658.5 180.6 0.0384 71.46
0.0281 0.0005 0.0003 0.7465
0.0000 0.0004 -0.0009 0.0250
2.041 0.4098 1.933 2.125




Blank 0.0015 -0.0089 -0.0033
T107 0.0245 -0.0168 0.0238
Comp 0.3760 1.983 1.961
T143 0.0708 0.0024 0.0874
168-7 1.140 -6.157 5320
168-8 ® 0.8705 -2.587 4.574
168-9 0.8930 -3.158 4.510
168-10 0.9390 -3250 4.554
14-11 1.140 -5.407 5.143
FB* 0.0021 •0.0221 -0.0001
FB 0.0013 0.0011 0.0021
168-8 ® 0.8465 -2.697 4.499
BPit-2 1.120 -6.311 5.450
with
Dolomite
7-11 1.148 -6.176 5.350
Blank 0.0024 -0.0144 -0.0054
Comp 0.3868 2.015 2.018
Comp 0.3999 2.052 1.994
Blank <0.000 <0.000 0.0058
224-8® 0.8920 <0.000 <0.000
224-9 0.9232 <0.000 <0.000
224-10 0.9212 <0.000 0.1010
56-11 1.068 <0.000 0.1183
28-11 1.160 <0.000 <0.000
FB 0.0007 0.0025 0.0052
224-8® 0.9420 <0.000 0.0180
Comp 0.4335 2.114 2.178
Blank -0.0006 0.0038 0.0035
Comp 03951 2.024 1.967
T143 0.0693 -0.0036 0.0930
245-9 ® 0.8558 -5.018 0.1656
245-8 0.8042 -5.601 0.1502
245-10 0.9224 -6.407 0.0911
245-7 1.115 -8.757 •0.0862
FB 0.0009 0.0038 0.0020
84-11 0.9685 -6347 0.1019
245-9 ® 0.9025 -5.724 0.2348
FB 0.0014 0.0038 0.0017
FB* 0.0016 -0.0025 0.0007
Comp 0.4008 2.041 1.988
168
S Sb Se Si
-0.0029 0.0029 0.0029 0.0015
6.912 0.0137 0.0157 3.873
2.084 0.9817 0.9980 1.872
7.750 0.0237 0.0219 11.07
2150 0.3218 0.1458 46.07
1657 03773 03768 11.97
1632 0.0375 03332 11.87
1650 0.1111 03207 14.07
1861 03323 03769 17.09
0.0043 -0.0043 0.0080 0.0047
0.0315 -0.0043 0.0109 0.0049
1667 0.0959 0.1895 12.01
2130 0.1860 0.3789 44.77
1950 03037 03332 24.59
-0.0027 •0.0028 0.0087 0.0018
2.079 0.9928 0.9820 1.851
2.056 1.002 1.013 1.852
0.0012 <0.000 0.0018 <0.000
1600 <0.000 <0.000 10.43
1655 03145 <0.000 10.39
1679 0.1614 <0.000 12.59
1719 0.0194 <0.000 6.987
1772 03746 0.0362 10.63
0.4905 <0.000 0.0009 0.0325
1644 0.1400 0.0000 10.88
2.085 1.037 1.039 1.867
-0.0091 -0.0018 0.0113 0.0034
2.060 0.9743 0.9914 1.853
7.621 0.0079 0.0209 11.03
1715 0.0523 0.0174 10.24
1697 03219 0.1738 10.76
1721 -0.0596 0.1911 12.44
2129 0.3007 03954 45.61
0.0113 0.0027 0.0156 0.0025
1743 0.1229 0.1911 5.835
1681 0.0700 0.1738 10.07
0.0290 -0.0022 -0.0009 0.0160
•0.0082 -0.0044 0.0261 -0.0011
2.089 0.9887 1.004 1.891
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Table C2. Aqua Regia Digests
170
Material Grams Final Grams
Digested Digest Vessel Digested Solution Dilution Ratio
Compost A 0.5204 49.99 96.06
Compost B 0.5279 49.99 94.70
Compost C 0.5059 49.98 98.79
Sludge A 0.4584 50.00 109.08
Sludge B 0.4987 50.09 100.44
Sludge C 0.5213 49.95 95.82
Table C3. Organic Carbon Determinations
Sx signifies a check standard containing x mg/L organic carbon. All analyses were per­
formed in NPOC (non-purgeable organic carbon) mode. Low signifies a reading below 
the calibrated range, and Ofiscale signifies one above the range.
All reported organic carbon concentrations are corrected for sample dilution.
Date Sampled Date Analyzed Sample Dilution Organic
Factor Carbon (mg/L)
21 Apr 97 S100 97.94
21 Apr 97 Blank -0.03
11 Mar 97 21 Apr 97 BPit-1 1.85
17 Apr 97 21 Apr 97 7-1® 15.14
17 Apr 97 21 Apr 97 7-2 18.26
17 Apr 97 21 Apr 97 7-3 22.50
17 Apr 97 21 Apr 97 7-4 3.87
17 Apr 97 21 Apr 97 7-5 4.24
17 Apr 97 21 Apr 97 7-6 4.15
17 Apr 97 21 Apr 97 7-7 1.56
17 Apr 97 21 Apr 97 7-1 ® 15.30
21 Apr 97 S10 9.779
21 Apr 97 S50 50.71
21 Apr 97 S100 100.0
21 Apr 97 Blank -0.32
2 May 97 Blank -0.38
2 May 97 S10 9.935
2 May 97 S50 50.25
2 May 97 S100 99.98
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Date Sampled Date Analyzed Sample Dilation Organic
Factor Carbon (mg/L)
24 Apr 97 2 May 97 14-1 ® 20.01
24 Apr 97 2 May 97 14-1 ® 19.91
24 Apr 97 2 May 97 14-2 13.50
24 Apr 97 2 May 97 14-3 35.58
24 Apr 97 2 May 97 14-4 5.094
24 Apr 97 2 May 97 14-5 5.210
24 Apr 97 2 May 97 14-6 4.704
24 Apr 97 2 May 97 14-7 0.928
24 Apr 97 2 May 97 FB 0.121
2 May 97 Blank -0.15
2 May 97 S50 50.12
2 May 97 S100 99.38
8 May 97 Blank -0.63
8 May 97 S10 9.321
8 May 97 S50 50.21
8 May 97 S100 100.3
8 May 97 8 May 97 28-1® 44.14
8 May 97 8 May 97 28-2 51.15
8 May 97 8 May 97 28-3 53.82
8 May 97 8 May 97 28-4 4.992
8 May 97 8 May 97 28-5 7.364
8 May 97 8 May 97 28-6 4.879
8 May 97 8 May 97 28-7 0.510
8 May 97 8 May 97 28-1® 44.05
8 May 97 8 May 97 FB 1.735
8 May 97 S50 49.66
5 Jun 97 S100 101.5
5 Jun 97 S50 50.10
5 Jun 97 S10 10.75
5 Jun 97 Blank 3.34
5 Jun97 5 Jun 97 56-1® 86.87
5 Jun97 5 Jun 97 56-2 93.49
5 Jun97 5 Jun 97 56-3 82.65
5 Jun97 5 Jun 97 56-4 6.758
5 Jun 97 5 Jun 97 56-5 6.558
5 Jun 97 5 Jun 97 56-6 6.070
5 Jun 97 5 Jun 97 56-7 0.725
5 Jun 97 5 Jun 97 FB -0.09
5 Jun 97 5 Jun 97 56-1 ® 86.36
5 Jun 97 Blank -0.31
5 Jun 97 S100 100.7




3 Jul 97 
3 Jul97 
3 Jul 97 
3 Jul 97 
3 Jul 97 
3 Jul 97 
3 Jul 97 
3 Jul 97
17 Jul 97 
17 Jul 97 
17 Jul 97 
10 Jul 97 
10 Jul 97 
10 Jul 97 
10 Jul 97
17 Jul 97 
17 Jul 97 
10 Jul 97
17 Jul 97




5 Jun 97 S50 49.87
5 Jun 97 S10 10.04
7 Jul 97 S10 10.28
7 Jul 97 S50 49.99
7 Jul 97 S100 100.0
7 Jul 97 Blank 0.461
7 Jul 97 84-1 ® 101.4
7 Jul 97 84-2 102.0
7 Jul 97 84-3 99.95
7 Jul 97 84-4 8.730
7 Jul 97 84-1 ® 106.5
7 Jul 97 84-5 7.967
7 Jul 97 84-6 8.052
7 Jul 97 84-7 1.484
7 Jul 97 FB 0.513
7 Jul 97 S10 10.02
7 Jul 97 S50 49.80
7 Jul 97 S100 99.11
18 Jul 97 S100 102.3
18 Jul 97 S50 51.57
18 Jul 97 S10 12.26
18 Jul 97 Blank 1.980
18 Jul 97 14-10 15.74
18 Jul 97 14-9 15.67
18 Jul 97 14-8 13.79
18 Jul 97 7-10® 1.574
18 Jul 97 7-10® 14.72
18 Jul 97 7-9 13.50
18 Jul 97 7-8 14.47
18 Jul 97 S50 50.89
18 Jul 97 S5 6.300
18 Jul 97 S2.5 3.831
18 Jul 97 S1.5 2.833
18 Jul 97 14-7® 2.362
18 Jul 97 FB 1.365
18 Jul 97 7-7 2.557
18 Jul 97 S2.5 3.841
18 Jul 97 14-7® 2.204
18 Jul 97 Blank 2.030
18 Jul 97 Blank 1.472
18 Jul 97 Blank 1.357
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Date Sampled
31 Jul 97 
31 Jul 97 
31 Jul 97
31 Jul 97 
31 Jul 97
28 Aug 97 
28 Aug 97 
28 Aug 97 
28 Aug 97 
28 Aug 97 
28 Aug 97
25 Sep 97 
25 Sep 97 
25 Sep 97 
25 Sep 97 
25 Sep 97




31 Jul 97 S10 9.999
31 Jul 97 S50 50.19
31 Jul 97 S100 100.1
31 Jul 97 Blank 0.326
31 Jul 97 28-8 14.22
31 Jul 97 28-9 15.52
31 Jul 97 28-10 16.20
31 Jul 97 S50 50.2
31 Jul 97 Blank 0.364
31 Jul 97 SI 1.097
31 Jul 97 S2.5 2.403
31 Jul 97 S5 4.853
31 Jul 97 Blank 0.225
31 Jul 97 28-7 1.258
31 Jul 97 FB 0.561
31 Jul 97 S2.5 2.728
31 Jul 97 Blank 0.210
8 Sep 97 S2 2.227
8 Sep 97 S10 10.05
8 Sep 97 S20 20.08
8 Sep 97 Blank 0.417
8 Sep 97 56-8® 12.67
8 Sep 97 56-9 16.47
8 Sep 97 56-10 17.36
8 Sep 97 56-7 1.769
8 Sep 97 FB 1.182
8 Sep 97 56-8® 12.58
8 Sep 97 S10 10.42
8 Sep 97 Blank 0.684
29 Sep 97 Blank 0.117
29 Sep 97 Blank 0.355
29 Sep 97 S2 2.213
29 Sep 97 S10 9.775
29 Sep 97 S20 19.81
29 Sep 97 Blank -0.07
29 Sep 97 84-7 0.980
29 Sep 97 84-8® 13.72
29 Sep 97 84-9 15.91
29 Sep 97 84-10 16.98
29 Sep 97 FB -0.06
29 Sep 97 S10 9.678
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Date Sampled Date Analyzed Sample Dilution Organic
Factor Carbon (mg/L)
25 Sep 97 29 Sep 97 168-1 10 261.9
25 Sep 97 29 Sep 97 168-2 10 259.1
25 Sep 97 29 Sep 97 168-3 10 271.5
25 Sep 97 29 Sep 97 84-8® 1 14.12
29 Sep 97 S10 1 9.758
29 Sep 97 Blank 1 -0.36
24 Nov 97 Blank 1 0.201
24 Nov 97 S2 1 1.990
24 Nov 97 S10 1 11.02
24 Nov 97 S20 1 19.54
24 Nov 97 Blank 1 -0.18
20 Nov 97 24 Nov 97 140-7® 1 1.035
20 Nov 97 24 Nov 97 140-8 1 17.19
20 Nov 97 24 Nov 97 140-9 1 17.87
20 Nov 97 24 Nov 97 140-10 1 21.57
20 Nov 97 24 Nov 97 FB 1 0.010
20 Nov 97 24 Nov 97 140-7® 1 0.697
24 Nov 97 Blank 1 -0.42
24 Nov 97 S10 1 12.14
22 Dec 97 Blank 1 0.474
22 Dec 97 S20 1 20.97
22 Dec 97 S10 1 9.591
22 Dec 97 S2 1 4.56
22 Dec 97 Blank 1 -0.09
18 Dec 97 22 Dec 97 168-8® 1 13.96
18 Dec 97 22 Dec 97 168-7 1 0.803
18 Dec 97 22 Dec 97 168-9 1 16.75
18 Dec 97 22 Dec 97 168-10® 1 20.31
18 Dec 97 22 Dec 97 FB 1 1.945
18 Dec 97 22 Dec 97 FB* 1 -0.30
18 Dec 97 22 Dec 97 14-11 1 1.851
11 Dec 97 22 Dec 97 7-11 1 2.722
4 Dec 97 22 Dec 97 BPit-2 1 7.247
18 Dec 97 22 Dec 97 168-8® 1 22.99
18 Dec 97 22 Dec 97 168-10® 1 19.95
29 Dec 97 Blank 1 0.308
29 Dec 97 S2 1 1.973
29 Dec 97 S10 1 10.36
29 Dec 97 S20 1 19.49
29 Dec 97 Blank 1 0.149
18 Dec 97 29 Dec 97 168-10 1 19.88
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Date Sampled
18 Dec 97 
18 Dec 97 
18 Dec 97 
18 Dec 97
18 Dec 97 
18 Dec 97 
18 Dec 97 
18 Dec 97
4 Dec 97 
18 Dec 97 
11 Dec 97
18 Dec 97 
18 Dec 97 
18 Dec 97
18 Dec 97
12 Feb 98 
12 Feb 98 
12 Feb 98 
28 Jan 98 
12 Feb 98
29 Jan 98 
11 Dec 97 
18 Dec 97




29 Dec 97 168-8 14.63
29 Dec 97 168-9 17.38
29 Dec 97 168-7 1.13
29 Dec 97 FB 6.699
29 Dec 97 S10 11.09
6 Jan 98 Blank 0.678
6 Jan 98 S2 2.121
6 Jan 98 S10 9.691
6 Jan 98 S20 18.95
6 Jan 98 Blank 0.571
6 Jan 98 168-10 20.59
6 Jan 98 168-7 2.793
6 Jan 98 168-8 17.60
6 Jan 98 168-9 25.18
6 Jan 98 S10 9.712
6 Jan 98 BPit-2 7.694
6 Jan 98 FB* 12.50
6 Jan 98 7-11 10.35
6 Jan 98 S10 11.92
6 Jan 98 14-11 7.834
6 Jan 98 FB 11.05
6 Jan 98 FB* 6.812
6 Jan 98 Blank 12.06
6 Jan 98 Blank 14.23
6 Jan 98 168-10 23.36
6 Jan 98 Blank 2.505
18 Feb 98 S2 2.017
18 Feb 98 S5 5.204
18 Feb 98 S10 9.237
18 Feb 98 S20 20.03
18 Feb 98 Blank 0.372
18 Feb 98 224-8® 16.61
18 Feb 98 224-9 21.31
18 Feb 98 224-10 23.81
18 Feb 98 BPit-2 4.217
18 Feb 98 FB 7.567
18 Feb 98 Blank 1.704
18 Feb 98 S10 10.26
18 Feb 98 56-11 4.464
18 Feb 98 7-11 3.214
18 Feb 98 14-11 3.489




18 Dec 97 
18 Dec 97 
1 Jan 98
5 Mar 98 
5 Mar 98 
5 Mar 98 
5 Mar 98 
5 Mar 98
26 Feb 98 
26 Feb 98 
26 Feb 98 
5 Mar 98




18 Feb 98 224-8® 19.80
18 Feb 98 . Blank 2.237
18 Feb 98 S10 10.38
18 Feb 98 168-7 2.951
18 Feb 98 168-8 15.59
18 Feb 98 28-11 5.856
18 Feb 98 Blank 1.622
18 Feb 98 S2 3.223
18 Feb 98 S5 6.003
18 Feb 98 S10 10.47
18 Feb 98 S20 20.65
5 Mar 98 Blank -0.11
5 Mar 98 S2 1.842
5 Mar 98 S5 4.712
5 Mar 98 S10 9.844
5 Mar 98 S20 20.39
5 Mar 98 Blank -0.36
5 Mar 98 245-8 ® 17.55
5 Mar 98 245-9 19.53
5 Mar 98 245-10 24.12
5 Mar 98 245-7 1.262
5 Mar 98 FB 1.753
5 Mar 98 S10 9.945
5 Mar 98 84-11 2.717
5 Mar 98 FB* -0.05
5 Mar 98 FB 1.864
S Mar 98 245-8 ® 17.34
5 Mar 98 S2 1.712
5 Mar 98 S5 4.866
5 Mar 98 S10 9.941
5 Mar 98 S20 20.65
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